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To the Right Honourable | 
Sir William T warner Ke. 


LoRkdD MayYoR of the City 


| @-#.-. 

LOND O N 
Right Honourable, and my 

very good Lord, 
Eo lEing bound nito yous 
JEN Lordſbip ina double 
7. Bord , not only as a 
Wh Private Citizen, but 


ee eny under your Cogni- 
ance; | thought it my Duty ( not 0#- 
ly with the general Voice and Plaudit 
of the City , but in ſome more publick, 
way) to render to your Lordſhip 
moſt humble and hearty Thanks for 
your aſſiduate and indefatigable [- 
duſtry, which, by the Bleſſing of Al- 
mighty God, hath in ſo great and un- 
expeFed meaſure not only reſtored our 
A 2 Ryuinonus 


The Epiſtle Dedicatory. 


Ruinons City to its former Condition , 
but hath raiſed it to a far more excel- 
lent Glory and Beauty than ever it had, 
or was like to have, before. As we 
muſt all acknowledge, That our Merci- 
ful God hath principally and primarily 
brought this Good out of Evil; ſo we 
mmmuſe aljo confeſs, That your Lordſtip's 
Honour hath been herein a prudent Jo- 
ſeph under our Royal Sovereign, and a 


diligent Nehemiah iz the repairing of 


our Hieruſalem 3 and, That the Work 
hath exceedingly proſpered in your 
hands. -N 


And now, my Lord, though I want 


Meawus and Skill to further ſo goodaWork 
as I would ; yet I want not a Mind to do 
what I can : And therefore Þ have been 
( perhaps ſomewhat too) forward to 
publiſh This, and ſome other Books of 
this nature. But if your Honour will 
pleaſe to caſt a favourable Eye apon it , 
I doubt not but this little Manual will 
be of great uſe to all Mathematical 
Artificers employed in Building and 
Beautifying the City; and likewiſe - 
Fi 


TY 


TheEpiſtle Dedicatory. 
all Navigators and Seamen, who are 
entruſted with the Shipping and Mer- 
if chandize thereof, wherein the _ 
* | Riches, Strength, and Glory, not only 
of the City, but of the whole Kingdom 
/ 8 doth rornhpſt. 
; The Advancement whereof, as it 3s 
" I your Lordſhips preſent Care, ſo it ſhall 
" If be wy daily and earneſt Prayer , That 
* i God would continue to bleſs your La- 
f bours herein, and, That you may live 
& i fo ſee this Work broneht to perfe@ion, 
" If fothe Honour of your Lordſhip, the Glo- 
ry of the City, the. Crown and Dignity 


# IB of our Gracions Sovereign, and the Wel- 
& il fare of the whole Kingdom. So cra- 
9 | ving your Lordſhips pardon for my 
I boldneſs, I reſt, F 

0 

f | | 

4 Your Honours moſt humble 

: Servant and Officer, 

4 
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THE 


EXPLICATIEON 
Of the following 


T ables of Logarithmes. 


N this little Book, which I intend 
only for a Manual or Pocket-Book, 
I ſhall not trouble you with the 
manner of Conſtruction of thele 

Tables of Logarithmes 3 but ſhall only firſt 

give you ſome brief general Rules for the bet- 

ter underſtanding of the Tables,and the man- 
ner of uſing them 3 and then give you ſome 
uſeful and neceffary Propoſitions in Arith- 
rwetick, Geometry, Aſtronomy, Geography, 

Navigation, Dialling,Gauging,and other Ma- 

thematical Arts, which may be of daily uſe, 

and are moſt cafily performed by theſe Tables, 


CHAP. L 
To find the Logarithme of any Number 
under 100. 


I Begin with the Table of Logarithmes for 
Numbers, though laſt placed z and the 
nature of theſe Logarithme Numbers is ſuch, 
that let the Number be never (ſo ſmall, or 
A 4 great, 
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2 The Explication of 


ercat, yet the Logarithme muſt have the like 
number of Places or Figures: Now ſome 
make them to 11 Places or Figures, as 
Mr. Briggs > ſome to cight Places,as Mr, Gan- 
fer and Mr. Norwood; and ſome to 7 Places, as 
Mr. 1YVingate and Mr. Wing 3 and according- 
ly I have fitted theſe Tables to 7 Places: And 
in the firfi, Page of the Table you ſhall tind 
cvery Logarithme plainly (et down toits pro- 
pcr Nurnhcr, from one to an hundred, after 
this manner. 

The Logarithme of I # O0, 000070, 

The Logarithme of 2 is 0,301030 

T he Logarithme of 10 8s 1, 00009, 

The Logarithme of 201s 1,301c30 
And ſo for all the reſt to 100+ 

The Logarithme wheredf is 2, 000000. 

Now in theſe Logarithme Numbers you 
mult take notice that each Logarithme 1s di- 
vided into two parts the one 15 the Chara- 
&eriſiical Figure, which 15 the firſt Figure 
thereof, and only ſhews of how many Fi- 
gures or Places the Number f{tgnihied thereby 
doth conſiſt: ' the other fix Figures ſhew 
more exactly the juſt Number (ignitied by the 
Logarithme. 

" Thus all Numbers from .1 to 10 have for 
thetr CharaG@eriltic a Cypher,thus,0,0000003 
and all Numbcrs from 10 to 100 have for 
rheir Charadtefilt K Cigore of one, thus, 

Y I,OOCOOOO 3 
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loÞ 
Or 
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1.000002 and all Numbers from 100 to - 
1009 havefar their CharaCteriftick a Figure 


. of 25 thus, 2,000000 and all Numbers from 


1000 to 10000 a Figure of 3,thus,3,0000003z 
and all from 10000 to 100000 have tor their 
Characteriſtick a Figurt of 4,thus 4,000000, 
And fo if you proceed further, the CharaQe- 
rifiical Figure 1s always one leſs than the 
Places or Figures of the Number. 


—_—— 


CHAP: ik 
To find the Logarithme of any Number 


from TOO fo IOOO. | 


LE Numbers from 100 to 1000 are [ct 
A. down lucccſlively in the Table follow- 
ing in the Margin of the ſeveral Leaves, and 
their Logarithmes are (ct down in the next 
Colunf juſt by them, which Column is mark- 
cd at the topthus | o]; only you muſt put 
their CharaQteriſtical Figure, which is 2, be- 
fore them, as 1 ſhewed before. Thus, 
The Logarithme of 100 is 2,000000 

The Logarithme of 101 is 2,004321 

Tht Logarithme of 102 is 2,008600 

The Logarithme of 110 152.04 1393 

The Logarithme of 120 is 2,079181 


And fo for any Number. to 1000 ſucceſ- 
ay in this firſt Column to the end of the 
Table, | 


CHAP. 


k The Explicat# on of 


CHAP. IIL 
To find the Logarithme of any Number 


from IO00O fo I 0000, 


Hex you muſt obſerve, That the Tablc is 

divided into 10 large Columns, five 
on the one fide of the Book, and five on the 
other; alſo each of the Numbers i in the Mar- 
gin are ſuppoſed to be increaſed by 103 and 
the Figures 01234567 89, which are 
fet at the head of each Column, are to be put 
to the Figurcs in the Margin, to make them a 
place more, and lo arc to be read after this 
- Manner. 


O I 2 4 Go 


100 IO00O IOOT ICO2 1003 1005 
And fo the Logarithmes of thole Numbers 
ſtand inthe ſeveral Columns under them 3 
only you mult prefix the CharaQeriftical Fi- 
gure of 3 before them. Thus, 

The Logarithme of 1000 is 3, 000000 

The Logarithme of 1001 #4 3,000434 

The Logarithme of 1002 # 3, 000863 
And fo read along that Line to 1010, for 
which you mult come back again to the Mar- 


gin of the next Line, and there the Number 
is 


the Tables of Logarithmes, 3 
15 101, fo which adding the Cypher or Fi- 
gures at the top of the Columns, they will 
make 1010, 1011, 1012, 1013, &e-to 10203 
and their Logarithmes are in the next Line, 
VIZs | 


I010 3,00432T | 101% 3,006466 
G 1011 3,004751 1016 3,006894 
IOIS 3005180 I017 3,00722T 
1013 33005609 '] 1018 3,007740 
1014 3,006038 | ICIS 3,008174 


And thus you may find the Logarithme of 
any Number under 10000 plainly expreſſed 
in this Table, which after a little uſe will be 
as familiar, as it each Number were joyned 
to its Logarithme, as they are in: the larger 
Tables of Mr. Brigs, Mr. Gellibrand, Nor- 
wood, Ofc. | 
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CH A P. Iv. 


To find the Logarithme of any Number 
from 10000 to L00000. 


A S before the Marginal Numbers were 
divided into 10 parts, ſo now you 
muſt ſuppoſe cach of theſe in the ſeveral Co- 
lumns to be divided into 10 parts, and for 
the better performiug of this, the Differen- 

Cc$ 


6 The Explication of 
ces between the Logarithmes in cack Column 
are ſet down in the Margin on the right 
hand ; which Difference being divided in- 
co 10 equal parts, . will make the proporti- 
onal Logarithmes for the Intermedial Num- 
ders, to which you muſt prefix the proper 
CharaGerifiick, which is 43 ſo have you the 
Logarithme 'compleat. | 

Thus the Log. of 1000 being 3, 000000 

And the Log. of 1001 being 3. 000434 

The. difference between them is © © 434 
which being divided into 10 equal parts, will 
wake the 'Logarithmes of thoſe intermcdial 
Numbers 10 5 places, thus, P5425 


T0200 4,000000 | | T0005 4,C00217 
TOOOT 4,000043. | 10006  4,000260 
10002 4,000087 10007 4,000304 
10203 4,000130 | 10008 4,000347 
TOOOE 4,000174. "T'SOOEY” "$;0003D0 


But in tinding out apy of theſe interme- 
dial Logarithmes, *you iced nof write them 
over all, but multiply the Difference by your 
Intermedia) Number. I WAS $04 k 

T bus if you would find the Togarithme of 
T0005 : The Difference being 4.34, multiply 
this by 5, it mukss 21705 then cutting "off 
the laſt Fignre, it will be 217, wbich added 
to the Logerithme of 10000, makes 4,0002 17, 
ar before, mT 

To help herein, tt.ece is a Proportional 

| Table 
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Table at the end hvreof, were each Num- 
ber to be added to che foregoing Loogarithme 
is ready caft up to your hand, The thing 
is ſo plain, that it needs no Example, but 
what is before ſaid :; Only the Table ——_ 
the Work more ready for you. 


——_——— —_— 


CHAP. VF. 


A Logarithme being given, to frud out 
the Number belonging therennto. 


£ 2 His is but the convetſe of the former,and - 

therefore you muſt remember your for- 
mer Rules, concerning the CharaGteriſtical 
Figure which, if it be the Figure of rt, then 


'your Namber is to be under 100) if itbe 


the Figure 2, then your Number deſired 
muſt be under 1000; if it- be the Figure 3, 
then your Number muſt be under 1c000 
it 4, then the Number is under 100000. 
Look therefore in the Tables till you find 
the Logarithme given, and againſt it in the 
Margin, according to the former Rules, you 
{hall ſee cRe Number belonging thereunto. 


I,079181 I2 
Thus 32979! $14 are the Loga- J120 
y 3,0791 81 rithmes of I 200 


4079181 12000 


8 


exa@qly in the Tables ( in moſt Operations ) 


The- Explication of 


' If you cannot tind the Logarithmi given 


you may take the nearclt Logarithm Number 
which you can find, either greater or leſs, 
and take the Number belonging thereunto for 
your Nutnber defired. 


CHAP. VL 
To fd 4 Logarithme belonging to a Fra- 


GHion, or a Mixt Number, conſiſting 
of an ; whole Number anda Fradion. 


| þ prom the Logarithme of the Numera- 
tor out of the Logarithme of the De- 


hominator, the Remainer is the Logarithme 
of the FraGion propounded. 

Thus if you, would find the Logarithme of 
4» The Logarithme of 4 is —Log.4+ 0,602060 
And the Logarithme of 3 is- Log. 3-0.477121 
Which ſubtrafted eee That the , 124939 


for the Logarithme of +. 
But the beſi way in theſe Operations is to 


turn your Fraction or mixt Number into a 

Decimal Fraction : So the Work will be far 

more eaſie, «ſpecially in mixed Numbers. 
For Example, Let the Logarithmes of theſe 


Numbers be required 12, 12%, 124, 12, you 
may 


the Tables of Logarithmes 
may readily turn theſe into Decimal Numbers, 
ſo they will be 12, 12 ( 25, 12(50, 1(75. 
New to find the Logarithmes for theſe Num- 
bers, look for them as if they were whole Num- 
bers, only keep the ſame Charadteriſtick which 
belongs to the whole Number 12, which is 1. 


Thus for 

12 JE (12 2? £12 log.1,07918t 

124 Z2 12(25\ 2: 11225 log: 1, 088136 

12z( 8 I12(5e( zz 1250 log. 1, 096910 
E 


12; 12(75 JEZ*C 1275 log 1, 105510 

But here by the way you may take notice, 
That though it be eaſfie to reduce theſe ordi- 
nary Fractions of Quarters and Haltfs into 
Decimals, yet in other Fractions it is not fo 
cafie, but you muſt work by this Rule. 

Add twoor three Figures to your Nume- 
rator, and then divide it by your Denomi- 
nator 3 fo you ſhall find a Decimal Number 
exaQly equal to your Fraction : Or elſe, by 
adding of more Cyphers, and continuing 
your diviſion,you may make it anſwer there- 
unto without any confiderable difference. 


- 


? N 

+) EE (925 | 3) ES(93333 
£ 5 = 8 JO,125 56S J0, 1667 
R Ye ©, o.625 | 4(= >Y0,0833 

2)JIzsx C(0,3125| 4 )E*® (0,0417 


And- having thus found the Decimal 
Number an{wering to the Fraction, you may 
add it to the end of your whole Number, 

mo 


we 


ro The Explication of .. © 
and ſo find out the Logarithme thereof by 
the former Rules. Yue 


—_—— 


CHAP. VI. 
The Logarithme 4 a mixt Number be- 


ing given, to find the Number an- 
ſwerable therennto. 


His Problem, though ic be but the con- 

verſe of the other, yet it will (erve ve- 

ry wellto explain moft that hath been (aid 

before, eſpecially that concerning Deeimal 
' Fractions, which is very uſeful. 

For Example, Let the Logarithme given be 
1,088136, andit is required to find the Num- 
ber correſpondent thereunto. 

In the firſt place obſerve; that the Chara- 
Cteriftick is 1 3 therefore the Number figniti- 
ed thereby is more than 10, and lels than 
100, therefore I look for this Logarithme in 
the firſt Page of the Table of Logarichmes , 
and find that the nearcſt Number thereunto 
151,079181, which is the Logarithme of 
12 : So that thc natural Number cxprefled 
hereby is ſomewhat more than 12, and yet 
lc{s than 13 by above one halt. And thus all 
Logarithmes that cannot betound exactly ex- 

prefied 


the Tebles of Lovkrithmes. IT 
preſſed in the Tables, are mixed Numbers ; 
and to be expreſſed by a Decimal Fraction. 
Secondly; T's kngw hdw much it is more 
than 12 more exaCtly, go tothe following 


| Table, which (hewy, rhe Lpgarithrhcs af alt 


Numbers from 100, to 10000, and there I 
find for the Log, of 12290 12(20gmitung + 
the *Chara@eriftick  ,085359, 'and for the 
Log; of 1230 or 12 (36: o89905 : Sg. that 
it {cems'tb be much ia the middle way be- 
tween theſe two Numbers © +, ... 

Thirdly, Therefore running along the 
Line againſt 122, inthe tiuſt Column on the 
right-hand-fide, which hath the Figure 5 at 
the top; 'Tifind my forif4id Log: 088136 
exaMly5 and therefore” I conclude, that the 
Number expreffed theteby 'is exaly 12(25- 

Laſtly; If you could riot have found.this 
Logarithine 'hete txadtly,' then, it guſt fall 
between this Number "and the next jn the 
ſame Line, *that is, between 1225 and 1226 


1 


and by the Difference, andthe Table of Pro- 
portion, you'may ſoon tind how much it is 
more. ff Q-1 ; if o | Ila 

| As ſuppoſe the Log. had been 088314, 
this is more than the aforeſaid Log. e88136 
by 198," which is, the half of the common 
Difference'ſet at the end. of 'this Line, being 
355 3-and (o the Number detired is 12(255: 


B CHAP. 


12 ' The Explication of. © 


© > Phe Second Caſe is, Knowing the Commat 


CH AP. VIIE | 
Of the Uſe of the Table of Proportion, 


W/ * you have the difference between 
any two Logarithmes ,. you muſt 
find out the Proportional Part of that diffe- 
rence either by the Rule of Proportion, ot 
by the Table of Proportion, which is fitted 
for this purpoſe. 
The Rale hath two Caſes, 
Firſt, Knowing the Common differente , t1 
find what you mouſt add for any intermediate 
Number. This is perfortned by Multiplics 
tion, Thus, let the Common Difference be 
355» and you would know what mult be 
added for 1, 2, 3- &e. work by the Rule of 
"Fhree, and thus you ſhall find it. 
' "Ar 1010355: Sov 35($» 
| As 1010 355: Sonto7r 
A510 10355: $03 to 106($- 
And ſofor any other of the 10 intermediate 
Numbers. 


Differeices and likewiſe the Particular Diffe 
reuce of your Number, from the Log. found 
i the Table. This isperformed by —_— 

| after 


the Tables of Logarithmes. T2 . 
after this manner. Let the'Common diffe- 
rence be 355, and your TREE: Difference 
i142, Or 177(5- 
Ars 355, toto: So 142 to. - 
In, Ai 355 to io: S9197(5 to $.- 
As 355 to10: $9.21310 6 

cn Andſofor any other of. the .to intetriediats 
uſt Numbers. - 
"a But now the Propdtrionat Nambers ate 
orfl ready caſt up in the Tables of ly roiionke 
ed} fo thatby the Common Ditfetente, ybu' tha 
in that Line find all the tex Numbers whi 
you need to uſe in both Cafes, without any 
farther trouble. 

Example. Let the Chriition Diffeitice" bl 
355, as before 3 the Proportional Nambers 
are thus ſet down, 


Er ga RE 
3553 $57 1,106,142,177,213, 248,284,3 19 


which you may uſe according to former dire- 
Qions z and fo this ſhort Compendium of 
19000 Log. will make t00000, which will 
\tell cas far as is uſeful in moſt Caſes.” If you 
will make them to ſerve for a Million, you 
may do it by working the Rule of Three to 
a place further, Thus, 

As 100 10355: Sol 10 3'55- 

' Hr 100 80355: So2107(1. 

As 100 t0355:; So bp 10{ 65+ 

2 


And 
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3 And ſo,in the other Caſe, 
..Ar355 to 109; So 14 25 10 42. 
"As 355 t0 100% So17(75;205- 
As 355 ta 109: So 21: TORY, | 
This alſo Ib +1 performed by* the Tables 
of Proportion, copnting,the. ſingle Numbers 
IJ» 2, 3:&c-to and, fixli tor 20,, 20,7 30,: and 
then cutcing off the laſt Figure of the (Pro- 
ART Nambers, the ret will ſerve for the 
vglc - Digits Iz 2, 3» © | 
ut this being, in moſt Caſes neeAſels, and 


rhe, [ys - Dilronces being f ſcarce 


" lo. V4 Logaruhm 
Exact, enough to lerye, to 100 places, I ſhall 


not inliſt upon it, "but Tather adviſe you to 
pſe. A lng. Table of KL OGarIh, DS 


14433 © 
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7. > ,-- OF THE Sa 
he 


Tables of Sines and Tangents, 


——————_— 
—_— 
_— =o 


icc me " 


a CHAP. IX. ob 


Any Ark. or. Angle of a Triangle, FR 
taining any number of Degrees and 
Minutes, being given, to find. the. 
Logarithme of the Right Size or Tan- 

cl gent belonging thereunto. h 


| 4 You muſt anderfidind, That every: 
Circle js divided into four Quaerants,' 
r Quarters and each Quadrantis divided 

nto go Degrees, and 'cach Degree into 60 
inutes,and the Logarithme Sines and Tar - 
ents fer every one of theſe Degrees and Mj- 

I Effhutcs are plainly expreſſed in theſe TWIG, 

nd arc thus to be found. 
When the Number of the Degrees given 
B 3 doth 


- - i — — a —_ > —_ ons 


6. The Explication o 
ſame at the top of the Pages of the Table en- 
tituled Artificial Sines aud Tangents ; and 
if there be any Minutes joined to the Degrees, 
you my} figd-thera out io the fixſt Column 
4 056k and ay; the left hand, which is 
marked with the Letter M: And having fo 
done, right againſt thoſe Minutes, under the 
Title S72#, at thetop of the Tablc, you ſhall 


- find the Log. of the faid Sinc and Minute ; 


and under the Title Tangent you ſhall have 
the Log. of the Tangent of the Ark or Angle 
defired. © 
 SotheLog. of the Sine of an Angle of 23 
d.30 ms is 9, 00700: Andthe Log. of the 
Tangent of the ſame Angle is 9,638302+ 

But when the Number of the Deg. requi- 
red excceds 45, you muſt look for ther at 
the bottom of 'the ſaid Table, and you muff 
look for the odd Minutes in the farſt Column 
or Margin towards the right hand, marked 
likewiſe with the Letter M; and (o right 
2gainſt theſe Minutes, in the Column above 
the Title Sie, you ſhall find the Log. of che 
ſaid Sine and aboyc the Title Tangent, you 
ſhall find the Log.of the ſaid Tangent of the 
Angle required. | | 

So the Log. Sine of 66 deg. 30 min- is 
9:9623985 and the Log. of the Tangent of 
the ſaid Angle i 1@, 361698. And thus 


doth not excced 45 deg. makefſearch for the 


' the Tables of Sines and Tangents, 17 
you may find the Logarithme Sine or 'Tan- 
gent of any other Angle. 


— 0 > 


CHAP. X 


To find the Co-ſine or Co-tangent of any 
Angle. 


THe Co-fine or Co-tangent of any Angle, 
1s that which others call the Comple- 
ment of any Angle, or more planely, the re- 
maining part of that Angle being taken out 
of 90 Degrees. Thus the Angle of 23 deg. 
30 min. being taken out of 90 deg. the Comple- 
ment thcreof, will be found to be 66 deg. 30m. 
And on the other ſide, The Angle of 66 deg. 
zo min. being taken out of 90 deg+ gives for 
the Complement thereof 23 deg. 30 min. | So 
that theſe two Angles are the Complements 
of each other: And fo you ſhall find the 
Complements of any other Angles. 

Now theſe Complements being of frequent 
uſe in Trigonometry, it hath been the care of 
moſi madern Mathewaticians ſo to compoſe 
their Tables of Sines and Tangents,that theſe 
Complements ſhould be always joyned or 
coupled together: And therefore Mr. Gunter 
very fitly calls them Co-fines and Co-tan- 

B 4 gents 


18 ... The Explication of \ "4," 
gcrts. —_ this is done,by making the;; Ta- 
bles of Sines and Tangents '( and. Secants, 
where there is any) to run on from © deg. t 
45 deg. with their reſpeQive Titles at the top 
ot .the Tablc ; and then from 45 deg. to 90 
dg. they turn back-againin order, with their 
refpecive Titles at the bottom of the Table, 
Thus the Sine and: Tangent of every Degree 
and Minutein one Column, is joyned with 
Its Sine-Complement and Tangent Comple- 
ment in-the next Column. +So that without 
the trouble of' ſabtraQting the Avgle' from 
90 deg. you may. rcadily find the Complc. 
ment thereof, viz. either the Arch or Angle 
in Degrees or Mipotcs, Or the Log.'. Sine. or 
Tangent by the Arch, -according as. yau-have 
eccahon. 

Thus the Complement of the Angle 2 ; deg. 
30 min. is 66 deg. 30 min. The Loga-' Sint 
whererf 8 9, 962398, and the Log-. T angent 
thereof is 10.361698, | 

So likewiſe the Complement of the Anglt 
66 deg. 30 min. boixg 23 deg. 30 min. the 
Leg. Sine thereof 13 9, 600700, and the Log, 
Tangent 9,638302. And fofur any other 
Ang'e, the Co-tine is ſtill coupled with it in 
the acjoyning Column, 


CHAP. 
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the Tables of Sines and Tangents, Ig 
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CHAT. 2% 


To find the Secant of any Angle, and 
the Arithmectical Complements inſtead 
thereof. 3: 


T He Natural Secants are very neceſſary in 
1 . Tables, for the expediting of Calcula- 
tion; and likewiſe the Logarithme Secants 
(or at leaſt a part of them ) are ct good uſe, 
as I ſhall ſhew hereafter, And therefore 
though in this little Book we had not room 
to {et them down, yet I ſhall ſhew you how 
you may cafily find them-out by the Table 
of Sines. 

Subtra& the Logarithme Sine of the Sine 


Complement of any Angle from the double 


Radius of the Tables, and that which re- 
mains will be the Sccant required, Ay if I 
deſire the Secant of 23 deg. 3O min. I find the 
Log. Sine of its Complement is 9 962398 , 


which ſubtrafted from the double of the Ra- 


dins, that is, 20,0000C0, there remains 


' 10,037602, which 1s the Sccant of .23 deg. 


39 min. And ſo alſo, 10,399300 is the 
Secant of 66 deg. 3O min. it being the remsin- 


er of 9,600700 taken out of 20, ©0GOOD. 


Now 
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20 Cxplication < 
Now though theſe Secants be of liztle uſe, 
yet the latter part thereof, leaving out che 
CharaReriftick, is of great uſe, as you ſhall 
ſee by and by, And therefore it will not be 
amiſs to ſhew you thow to find out theſe 
Arithmetical Complements, that is, to ſub- 
tra& any Logariihm Number out of the 
Common Radius, which is 10,000000, af- 
ter the molt ready way. | | 
For Example, If you were to ſubtralf the 
foreſaid Logarithme Sine 9,962398 out of 
tht Radius 1C,000000: The common way is 
firſt to ſet down the Radius —— 10.000000 
be Log. Sine un- | 
Then 4 ſet tbe Log. Sine 4 9, 962398 
Then to ſubtra@ the one apr O, 037603 
the other, ſo the Remainer is- 
© But to ſubtract the Complement of this, 
or any other Namber more readily, you may 
begin (contrary to the common courſe)with 
the firſt Figure towards the left hand, and 
write down the Complement or Remainer 
thereof to9g95 and ſo doallo with the all reft 


of the Figures, (laying, 9 wants 

oof 9, and again, 9 wants, 0,67 agen 
wants 3 3 wants 7, 3 wants * | —_ 
6, 9 wants 03 only when you come to the 


Jaſt Figure, eake it outof x03 ſo8 wants 2 
of 10: butcount upon 9 for all the former. 


Thus you may readily write out the Arith - 
metical 


the 1 ables of v7pes aua langents. yi 
metical Complement of any Sine out of the 
Table, almoſt as eaſie as the Sine it ſelf; and 
therefore in this little Book I have the rather 
omitted them. | 
In the like manner, if you necd the Arith- 


| metical Complement of any Log. Namber, 


you may thus readily ſubtrat it. But if 


| you need the Arithmetical Complement of 


any Tangent, you inay take the Co-tangent , 
which is the exa& Arithmetical Complement 
of the double Radius ſo that the Tangent 
and Co-tangent of any Arch make exactly 
20,0000006. By this allo you may try the 
truth of the Tables for the Tangents, 'and 
corre them if need be. 


CHAP. XIL 


To find out the Natural Sine or Tangens 
of any Angle. 


F you want a Table of Natural Sines and 

| Tangents, and defire to know the Natu- 
ral Sine or Tangent of any Angle, look out 
the Logarithme Sine or Tangent in thete Ta- 
bles : Then not much regarding the Chara- 
Qeriftick thereof, ſee what Number will an- 
ſwer to the other part thereof in the Table of 
Logarithme 


- a The Explication of © © 
Logarithme Numbers, and that with a' little 
caution will ſhew you the Natural Sine or 
Tangent deſired. 

Example, Tdefire to know the Natural Sine 
of 23 4. 30 min. FirſtT find ihe Log. Sine 
thereof tu theſe Tables, and it is 9, 600700. 
Theu omitting the Charaderiſtick 9, IT ſech 
for 600700 in the Table of Log. Numbers, 
and the neareſt Log, Number TI ean find there 
15 600646, aud the Natural Number anſwer- 
ing thereunto is 3937, which is the Naturel 
Sine of the ſaid Angle, if you content your 
Self with a Radius of 10000 3 but if you make 
your Radius 100200, theu the Sine ſhould be 


39875- ; | 
- And fo by Proportion and the former 


Rules, if your Tables were large enough, you 
might find any Sinc or Tangent to a Radius . 
of 7 or $ FigurcszAs by the CharaCterilticks of 
the Log. Sines you may ſee they are made to a 
Radius of 1 x Figures or Places, the Chara- 
Qeriftick of their Radius being 10,000000, 
which - ſhews their Natural Radius is 
19,000,000,000, though there be but 8 
Figures or Placcs in the Log. Radius, the reli 
being omitted, chefe being caken out of larger 
Tables, and yet will ſerve very well in moſt 


ordinary Concluizons. 
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| The uſe. of theſe Tables of Lygs 
bs gerithmes1 in ſeveral Parts of the, : 
SN MATHEM ATICKS. 

l 

, — 
- Is Avithmetick. 7 

r WI Propolition F. | 
: | To multiply one Number by cuegient. | | 
: Ook the Logarithm of each Number i 


the Table of Logarithm Numbers, ac- 
cording: tothe former Rules, and write them 
| down one under theother, and then add the 
two Log:together by the common Rules of 
Arithmetick; ſo they will produce a third 
Logarichme, which third Log. being found 
out in the Table of Log.'you may thereby 
find. once the true Number; which would be 
produced by the multiplication of . the aid 
two Numbers. 
Example. 


24 Arithmetical Propoſitions. 
Example. 30 being given ts be multzpliel 
by 25, would produce 759. So, 
The Log. of 30 being —————1,477121 
Added to the Log. of 25 -1:3979 40 
Makes athird Log ——————2,875061 
which according to. the former Rules .you will 
find e be the Log. of 550, which 3+ the Pro 
dud of the multiplication. Fa 
Now the Reaſon of this Operation it 
grounded upon the Rale of. Proportion, 
which is itmplicitly required in every Multi- 
plication. So that, | 
Ar t is t030: Sois 25ts 750. 
That is, $9 many times as 1 is in 30, ſo mas 
ny tires 25 it contained in 750. 
' Now becauſe a Unit, which is the firſ 
Number, doth neither multiply nor divide, 
therefore the Tables are fo framed, that the 
Logatithim of 1 is ©,000000, only Cyphers, 
which do aeithet add nor ſubtradc,; and fo 
may be left out, and yet the Log. of the other 
two Numbers, being- added together, fully 
expreſs the Produd which is defixed.  _ 
The like effe& will follow if you ule De- 
 timal FraQtions in mixt Numbers, , 
Example. If 30 were tobe multiplied by 2(5- 
The Log. of 30 ij——— —1,4771ti 
ThtLog. of 2(5 is ——= 0,397949 
Which maketh : —7,87506t1 
which is the Log, of 75- *- 
f But 


Arithmetical Propoſitiont. 25 

But if the Numbers you are to mualtiply 
by, be either one or both of chem pare Fra- 
Mons, that is, leſs thati one Integer of your 
Multiplication, you muſt be careful how to 
charaQerize your defeRive Logarithm, and 
to place your Produ@ accordingly, 

You muſt here underftand, That the Cha« 
raQReriſtick of 1 15 0, 000000 3 therefore the 
CharaReriftick of a Fraction that is always 
leſs than 1, muſt be leſs than 0,000000-:; 
And in the ſame manger as the CharaQesj- 
ſticks of whole Numbers increaſe to be more 
than ©0,000000, ſo the CharaQeriſiicks of 
Fra&ions decreale leſs than 0,000000, aud 
arc to be marked with a Note of defeR thus , 
gr 25 you may ce by the Logarithms of 
''s theſe Numbers and FraQions. | 


de, 

the Numb. Logarithm.  Fratiion. Logarithm. 
ers fl 5 a,6989g570 | | 5.000 0,698970 
1 ſol 50 12,698970 0.500 --0,698970 
ther fl 500 2,698970 0.050 <-i,6g98970 
ally | $00e 3>698970' | 0.005 | --2,698970 
Je Now the beſt way to underſtand your 


ProduQt is by obſerving theſe Examples, 
wherein have explained the Opcratien, by 
multiplying theſe Decimal Fractions in a 
| Natural way, filling up all the Places with 
949 8 Cyphers, which makes it very plain. 


Example 1. 
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26 17, HCTICA £ropo HONS« 
Example 1: Multply 5 by 5+ 
bs Log 3 * ©,698970, 
F-- Log. 5 01698970 
25, Log. 25 _ 1,397949, 
_ Example 2. Multiply 5 by 0,5 3 that 3s, 
by five tenth parts, or an half. _ 
es. AY Log, 509 0,698979 
. ©5 Log. 0,5 —0,698970 


! 


<——_—_— 


2 5 0 Rs Log. 2,5 ' —1,397940 


| This is the Logarithm of 25 
2,S0 As before: But here being, one 
| of the. Numhers defeQve, it 
ſhews the Figures are to be (et aplage for- | 
warder, as FraGions 3 (© there remains for 
the Produdt 2,5, or 2,50 parts 3 that is, two 
Integers and an halt. | __ 
Example 3. Multiply 0,5 by 0,5. 
, ©,5 Log, 0,5 <--0,69*g70 
059 Log, 0,5 =--0,698470 


—— — 


25 Log. 2 5 -=-1,397940 
— This is the Logarithm of 
0,25 25 {till but beeauſe all thc 

| Numbers are defe&ive,it ſhews 

this 0,25 muſt be (ct two places forward,and 
made all Fractions: So the Produ& will be 
0,25 


- 


Integer, : : : ; : a LEES þ 
Here you may farther take notice, that In- 

tegers, multiplied by Integers,- produce Inte- 

\Mgcrs, as in the firſt Example: and Integers, : 


5, (multiplicd by parts,produce Integ. and Parts, © 


as in the ſecond Example; But Parts, mylti- . 
72 Eplicd by Parts, can only produce Parts.” And” 
70 WW the ſmaller the, Parts are into which the In- 
— I teger is divided, the greater, will the number” 
40 Wof the ProduQ be in ſhew, but the lefs 1n 
effc@, as inthe following Examples. 


_ Les o nods 
oc if Example 4. ©, 59 Maltzplied by 0,05. 
ll 050 Jog: 0,59 _—0,698979, 
yy 0,0 . ©, © —T, 698970. 
tor CL Fi ih | - LR 
- 259 of. 259 —2,397949': 
000 | | 4 
ooo 
o. | £0250 
* Example 5. O, o5 Multiplied by o, 05s 
0 0,05 '- JTJog-'0,05z —1,698970 
225 Log. 0,05 —1,698979 + 
of F ©,25 3» 397949 
the ©QO | TH Me $1 


ws 000,41 5-5 


= Arithmelical -Propoſttions. © 27 © 
o, 25 hundred parts, that is, a quarter of one © 


= 
f * =_ 
ES anemia mm ——___— — ——— == ——- -— 


. 
— ———— —— 
pr rag pp een 


—_— — ——C—— 


Oo — my en y— 
Bm. orci oo _—_— 


_ _—_ 2.0 
o Da UI ſe 


_ 28-.. Arithmeticat. Propoſitzous.. 


Prop. 2. 
To awvide one Number by another. 

Firſt write down the Logorithm of the 
Dividerid : Then write down the Log. of. the 
Divifor under it, and falrract it from tt, and 
the Remainer will f+.w rhe Log, of the ſaid 
Quotient, | 

" Thus if you were to {inde $625 by 75, you 
will find the ©uotient tobe 75, after this nan- 
ner : 

Fhe Log. of 5625 #s —— 3,7 50123 
The Log. of 75 to be ſubtrafted 5 —— 1.875061 
Reft the Log. of 75 ——C02 — ——1,$7 5062 

Now though here be ' a Unit dillcrence 
more m this laſt Log. than in the Log. ot 75, 
this-tmall diflerence is not eonſiderable: But 
if you find a greatcr difference, it ſhews there 
is a FraCtion, which may be eaſily found out 
if you work by Decimal Fractions. _ 

Example. Divide 6321 by 84- | 
The-Logs of 632 19 ————————.3,860786 
The Lgg:.84 to be ſubtraied is 1,924279 
Refix Log. A A— cw —_— 1,876507 
© Now this Log. r,876507, is much more 
than the 'Lop. of 75, and yet it is much lef 
than the Log. of 765 therefore here muſt be 
a Decimal Fra@tion found out, according to 
the Rules of the Scyenth Chapter beforc. 

c Turn 


Arithmetical Propoſitions. 29 
Turn therefore over the Tables till you find | 
$76507, not regarding the Charadterittick, 
and you ſhall find the Number anſwering 
thereunto is 7525. Now becauſe the Cha- 
ra&eriſtick of yout Log, 1s 19. therefore you' 
muſt take but the ewo firſt Figures of this 
Number for the Quotient, and the two. fol- 
lowing. Figures make a Decimal Fraction, 
ou I thus, 75 (25, that is, 75 and A parts, which 
HH» Is juſt - MOTICs. > . ZH 

- But here you muſt take heed, as before in 
23 © Mulciplication , whether your Number by 
61 ME which you divide be a Frad@ion or not for 
Z- MW that will much alter the Produc, though 
the Logarithm be the fame, only differing in 
the Characteriftick. | 


ut As for Example. If you ſhould divide the 
CIC foreſaid Number 6321 by ©, $4. 


out The Log. of 6321 4s © 3,8007936 
The Logs of 0, $4.4s © ,— 0,924279 
"yY —_ ſultraded, there refts F  2,876507 
1s which adding a Radius, becauſe | 
79 of the defelive Log. e wy TR”: 166 
07 MThe Sum 3s : '3, 876507 


or Which is the Logarithm of 7525. thy 
| For you mult confider, if this Number were 
{ be divided by 1, there is 6321 Units init but 
5 10 Wbeing divided by the Prattion 0, 84, whiob is 
omewhat leſs than an Unit or Integer, it mt 

7 C 3 needs 


Arithmetical Propoſitions. 
ao produce ſomewhat more, viz. 75255 and 
ſo many times is that Fratlion - contained in 


6321s 
i Prop. 3. | 
i | To find the Square Root of any Number. 


Half the Logaritim of any . Number} 
is the Logarithm of the. Square Root, 


[Wn chercof. 

| Example. ' Let the Square Number given n 
| be 5625. . f 
| The Lo g-of 5 6255 ——— 3-750123 


| The bale hee is —— 1,875061- 
[UP ' which is the Log. of 75, which is the Koot of th E 
1 ſaid Number. 
big Here likewiſe if you cannot find your 
| Logarichn) exactly in the Tables, youll.” 


yl mult make it .out by a Decimal FraQion, 
[ as before, n 
j On the contrary, by doubling the Log. ofig; 


{ any Number , you have the Geometrical he 
i Square thereof. 


Prop. 4. T 
To find the Cube Root of any Number. 
.. Divide the Logarithm of the given Nun 


ber by 33 1o you fhall have _ Logarichnf 
*of the Root required, 


— 
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Arithmetical Propoſitions, 21 * 

Example. Let the Cxbe' Number given be 

0261. 
The Log of 9261 is — = 3.966658 
The hr part thereof #4 - —— 1,322219 
which is the Logarithm of 21, and hat i 1he 
Cube Root required. 

Likewile multiply the Logarithm of any 
Number by 3, andit produceth the Log. of 
the Cube thereof, *© 

Here likewiſe you may make uſe of Deci-. 
mal Frations, which in theſe Operations are 
far more cafie than others. | 


Prop. 5- 
How to work the Rule of Three, or the Rnle f 


Proportion. 


The plain and common way, which i, beſt 
to truſt unto, is after this manner. 

As in common Arithmetick, you multiply 
the ſecond and third Numbers together, and 


divide their Produc by the hirſt Number 3 So 
here yon muſt add t 


e, Logarithms of 'the 
econd and third Numbers together (which 


5 equivalent to the multiplication of them) 
and then ſubtra& the Logarithm ot the hytt 


- \ Number from the Produc thereof (which is 


10h 


hn 


ple 


quivalent- to Diviſion) (o you have the Lo- 
rithm of the fourth Number required. 
Example. 
Ar6t12; $021610 432. 


C3 The 


32 Arithmetical Propoſitions. 

The manner of the Work muſi be thus. 
As 6 The Log. of 6, which is 0,778151 
To 12 The Log. of 12, which #——1,079181 
So 216 The Log. of 2 16, which 8 — 2.334454 
To 4.32 The ſum of theſe 2 Log. are—3413635 
From which ſubt.the firſt? | 

Log: and there att 2634454 
which is tbe Log. of 432, which is tbe founti 
Term or Number deſired. 

Auather way to perform this. 

This work may be ſomewhat ſhortned, if 
inſtead of the Log, of the firlt Number you 
take the Arithmetical Complement thereof, 
. as I ſhewed before Chap. 11. and then add 
the three firſt Logarithms together, and they 

roduce your delired Logarithm, abating ot 
cancelling the firſt Figure of the Characte 


riſtick. 

Example. 
As 6 The Aritb. compl. log. of 65 —9,22184 
To 12 The Logarithm of 121% 1,079181 
So 216 The Logarithm of 2164 ——2,334451 


To 432 The ſum of all three——X2,63 548; 


which, cancelling the firſt Figure of the Chara 
/Aeriftick, makes the Logarithm juſt as before. 
| Prop. 6. 
The Rule of Three Reverſe, 
Add the Loganthms of the firlt and 


cond 


Y hg %Y ag 


Arithnetical Propoſitions. %2 - 
cond Numbers cogether, and then ſubtract 


151 the Logarichm of the third Number out of 
18: them 3 that which remains will be the Lo- 
454 garithm of the Number required. 


635 Example. If 375 Men build a Wall about 

—l « Park in 72 days, In how many cas may 133 

Men make the like Wall ? | 

ff '375 mn, Log. — ——— 2574031 

Require 72 days, Log, ———1 18573 32 
Sum of theſe two-—— ——— 4,431 3 63 

What 133 men 2 Log. ſubtr. —7, 1238 B52 


203 days. Reſt Log. 2307511 
Prop. 7. 
To find 4 mean Proportional between mr 
Numbers. 


Add the Logarithms of the two Nannbers 
together, and cake half the Sum thereof. - 


Example. 

9 Log, —0,954242 
I6 Log. ——1,204120 
The Sam thertf ————————2,15$362 
The half thereof ————— I,079181 
which is the Logarithm of 12, the Mean Pros 
portional required. 


The Numbers given 


C 4 Prop, 


34 Arit metica 8 yop ſtan. 


Prop. 8. 
Having three Numbers given, to find a fourt 
ix duplicated Proportion, 


Double the Difference of the Logarithms 
which belong to 'the two Numbers, having 
the ſame Denominatien : Thencif the firſ 
Number be leſs' than the ſecond, add 
that 'Difference doubled to the Logarithm 
of the other Number : fo the: Sum thereof 
will be the Log; of the fourth Nurpbe 
required. 

Thus the Superficial Content of a Carclq, 
whoſe Diameter i4 .14 Inches, being 154 
ſquare Inches, the Content of another Circl 
whoſe Diameter is 28 Taches, will be found 
to be 616, 

Diameter 14. Inches, Log. 14146128 
Diameter 28 Inches, Log. ———— 1,44715) 


Difference — ,3O1C30 


_- Difference doubled -—=—-- z6020060 
Content given 154 Log. -—— ——-- 2,187521 


Content required 616-Log.=-— | 2,789 581 


But if the firſt Number be greater thay 
the ſecond, ſubtrafk the Difference dow 


bled from the Logarichm of the other Num: 
ww, | 


Dziamett 


Irithmetical Propoſitions. 35 _ 
Diameter 2$ Log. ———— 1,447159 
Dimmeter 14 Log. — — — 1,146128 
Difference ——— — .301030 
Difference donbled | 602060 
Content given 616 ———— 2.789581 
Content required 154 —— ——— 2,187521 


| Prop. 9. 

Having three Numbers given, to find. a fourth 

in a Triplicated or Cubical Proporiton. | 
Triple the Difference of the Logarithms 
which belong to the two Terms which have 
the ſame denomination: Then it the ftarit 
\ Term be leſs than the ſecond, add that Sum 
tothe Log. of the other Term 3 '{o you ſhall 

have the Log. of the fourth Term defared. 


Example. If a Bullet, whoſe Diameter is 4 
Inches, weigh 9 pounds , another Bullet whoſe 
Diameter is 8 Inches will weigh 72 ponnd:. 
Diameter 4. Inebes. Log, ——— 0,602060, 
1 tameter 8 Inches. Log. —— —— © 903cgo 


Difference 4301030 
"Difference Tripled .903090 
Weaght given 9 pounds, Log. —— © 954243 
Weight required 72 pounds, Log. — 1,857333 ' 
But if che. firit Term be greater than the 
ſecond, ſubtrat the Difference tripled- from 
' thc Log, of the other Team, 


Diaveter 


26 Arithmetical Propoſitions. 
Diameter 8 Tuches. Log. 8. — 0.9030g0 
Diameter 4 Inches. Log. 4. 0,602060 
Difference _  +301030 
Difference Trapled ,903090 
Weight given 72 pounds, Log. 1,857333 
Weight required 9 pounds, Log, — 0.954243 


. Prop. 10. 

M Sum of Money being forborn for auy Num- 
ber of Years, to find bow much it will come 
zo, reckoning Intereſt upon Intereſt, according 
#0 any Rate propounded. 


Subtradt the Logarithm of 109 from the 
Logarithm of 100 and the rate added toge- 
ther then maltiply their difference by the 
number of years propounded, and add the 
Product thereof to the Logarithm of the prin- 
Cipal Sum z fo you (hall have the Logarithm 
ot the Total Sum which the Principal and 
Intereſt doth amount to all togethcr. 

Example. What will 100 l. being let out 
for 31 years, increaſe to aficr the vate of 
6 pcr Cent. per An. reckoning Intereſt upon 
Intereſt for the ſaid time ? | 

Firſt, Sabtraf 2, ©0000G, the Log. of 
1CO, from 2,025306, the Log. of 106 
(wbich is the Rate propounded_). tbe Remainer 
z5 9,025396, which bring multiplied by 30 

Jears, 


Arithmetical' Propoſitions. 37 
years, produceth' 759180 3 which added to 


the Log. of 109, makes 2,759180, which is 
the Log. of 574 (35: So that it comes t0 


$74 1.75. 
Prop. 11, 


A Sum of Mony being to be paid hereafier, 
to find what it is worth in ready Mony. 


Here the Work is the ſame with that of 
the former Propoſition 3 only inftead of ad- 
ding, you muſt ſubtrack the Produd out 
of the Logarithm of the Principal: 'So the 
Remainer 15 the Logarithm of che Sum you 
ſeck for. gp 

Example. 7Ybat is 100]. to be paid 30 
years hence, worth in ready Mony, after the 
rate of 61. per Centum ? 

Here baving found tbe Produd, as before, 
to be 759180, ſubtrad it out of the Logarthms 
of the Principal, which was 2.000000 3 ſo 
there remains 1,240820, which # the Loga- 
ruhm of 17(411, which ſhews the ſaid 1601. 
# worth but 17 |. $ $, 2 d. 3 q. ferce 
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Prop. 12. 


A yearly Rent or Annuity to continyee any 
number of years, to find what it is worth 
in ready mony, at any Rate of Intereſt pro 
pounded, 


Example. What is 1001. per An. #7 en- 
dure 30 years worth in ready mony at 6per 
Centam. 

Firli, Take the Logarithm of 1027 from the 
Log. of 106 and the Rate of Intereſt added 
zogether, which us 6 1. 

Secondly, Multiply this Log. found by the 
awumber of years which it is to continue, which 
are Zo years. | 
Thirdly, Divide 1001. by the Rate of the 
Intereſt, which is 6, and it will produce 
16,6667 : take the Log. bereof and 244 it to 
the former Log. which you found, gnd the 
Produt thereof will yield the Log. of the 
Arrearages , with that ſaid Sum for that 


#110. 
Fourthly, Find ont the true Number of thiſe 


Arrearages, and out of them ſubtraQ the Pro- 
portional part of 100 before found, according to 
#be Rate of Intereſt, So you bave the bare 
Arrearages for that Proportional part. 

Laſtly, Toke the Log. of theſe laſh Arre- 


rupes, 
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ages, and ſubtrad from them the Logarizhm 
found by the Multiplication of years (in the 
cond Kale) ſo yor ſhall have the Log, of 
the true value of thoſe Arrearages in ready 
mony : Then add to them the Logartthm of the 
rs {Principal Sams, ſo you ſhall have a Logarithm, 

the true Number whereof being found out, and 

reduced into Pounds, Shillings, and Pence, is 
1. the worth of the Annaity defired. 


2er Ml The Logarithm of '106 2,025306 
The Logarithm of x 00, ſubtr. 2, 000000 

ho | Reſts © ©,025306 
e Which multiplied by 30 EE: 
| h , Tields | 759 J 80 
-, WW 44% the Log. of 16.6667 1,221829 
So.it makes 1,98100g 


he Ml Phich is the Log-of 95,7215 parts. 

co 8 From which. ſubtr. -16,6667 

to Reſts | 79,0548 

20 il The Log. of this Numb. 79,0548 1,$97929 
e Bl Log. fond by mult. of years, ſubtr. 0,759180 


yo Reſts 1,138749 
; Add the Log.of 1001. WP 6 > 
: So it mage 3138749 
» | which is the Logarithmof 1376(48, which is 
: 13761, 9 5. fere. - 


In 
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In theſe Queſtions it will be convenient to 
have 'a Table to reduce thefe Decimal Fra 
ions into Engliſh Mony: 


4 Table of Decimal Fradions for Englin 
' Mony, the Pound being divided into 
| ICOOO party. 


— 


ſh. | Decim. 


— 


Decim, | d. im. 1d Decim, 


þ 


4.500 [11] 0458 |3] ©125 
4000 [10] 0417 [2] 0083] 
| 3500 | 0375 |1] 0042 
- ©OO |] 0333 ans, 
250O | 0292 || 02 31 
2000 ©0250 |2þ oo2t 
! 1500 | 5] 0208 ©OIo 
I 000 0167 | 
©0500 | 


[19] 9500 
18} 9000 
17] 8520 
I6| $000 
15] 7500 
I4} 7o0O | 
Hl 6500 

6000 
5500 


: 5200 


ww wv | B 


©» Wau & 


[0] 


Or elſe you may count thus, The Pound 
Or20 x. being toooo parts, every 2 s, being 
a teath thereof is xooo parts, and every ſhil- 
ling 0500 parts. _. 

For the pence, The ſhilling being 0500, the 
ſix pence is 0250, which it yon'cut off . the 
firſt and laſt Figure is 253 (o the two middle 
Figures will be equal to Farthings, only 1 in 
25 Over, Geometrical 


Geometri cal Propofit 10NS; 


t fo 


þ Prop. 2 
The Side of a perfefi Gecmetrical Square be> 
- ing given, to find the Contents. 


mM Double the Logarithm of the fide given, 

—| Wo you have the Logaetihen of the Contents 

25] Wrequired. 

3:1 So the Side of the Square being 10, the Lo 

42] Mgarithm thereof is 1,000000, which doubled 

ing) {makes 2,000000, which is the Log. of 100, . 
31 {MW &cing the Content thereof. 


21 Pro OP. 14. 

Having the two joyning Sides, or Length and 
Breadth of 4 Long Square, to find the Con» 
tent thereof. 


" Add the Logarithms of the two Sides to= 
nd gether. 
Thus one Side being 20(25 or a quarter, and 


be the other 30(75 parts, or three ea 

The Log. of 20(25#s 1,306425 
be Bf 7he Log. of 30(75 is 1.487845 
he The Sum 2,794270 


Ile I 7s the Log. of 622,69 parts fere, which is the 
in MW Content. 
| Prop. 


eomerrical Propoſitions. 


Srop. I 8. 


7 be $ T% of a Geometrical Square being given, t 
make another Square which, fhall contain i 
2, 3, 4, 0r any Number of 1 times as much more, 
or leſ?, or according to any other Proportion, 


Firſt double the Log. of the given Side, fo 
you have the Content of the Square. Then 
increaſe or diniiniſh.the Coritents by the Piv- 
portion deſired. Then find out the Log, of 
the Contents ſo increaſed or diminiſhed, and 
the half thereof will be the Square Root, 
whith is the Length-of the Side defired. 
Example. Let the Side given be to, th 
Content thereof by Prop. 1 3- 5 100. Let it be 
required to make a Square 3 times greater, thenij 
muſt contdin 300. Now the Logarithm of 30d 
5 2,477141, the balf whereof is 1,238570, 
wbich 3 is the Log: of 17,32 parts very wear. 


Prop. I6. 


In a Right-angled Triangle, having the tr 
Sides making the Kight Angle, 40. find th 
ſloaping Side. 


Firſt, double che Logarithms of the two 
Sides, fo you have the Log. of their Squares 


ſcverally 


& a aw —— v—_— r ——_ 


——__ ., cx @* wa waa Q a coca 


Wh. 


| HT 


.. In 
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ſeverally 3 which Numbers being found outs 
muſt be added together, by Common Arith- 
metick, and then tiad rhe Log. of their Sum, 
the half whereof is the Logarithm of the 


Side defired. 


Example. Let the two Sides given be 30 
and 40. 
Log. of 30,1.47712t Log..of 445,1.602060 
doubled are 2.954.242 aud 3,:04120 
IPhich are Log. of 900 and 1609 
Which added together make 2500 
The Log. of 250015 3.397940 
The balf whereof being 1,698970 | 
u the Log. of 50, which 3s the Root, or Side of 
the Square required. | | 

like manner you may find the Diagonal 

or Croſs-line, reaching from Corner to Cor- 
ner of any true Squazc. 


Prop. 17. 


In a ReGangular Triangle, _— the flope 
Line, and one of the ſtraight Sides, to find 
ont the other. | ES | 
Square: the Sides; and 'CubtraR the lefſer 

Square from the greater Square, and che Re- 


Fſfainer 1s the Square of the remaining Side. 
Example. Let the ſlope Side be 50, and one 
f the ſtraight Sides 40, to find the other Side. 
_— The 


4.4 FEOPLET? 


FTONOUIHODBS. 


The Square of 50 is. 2500 
The Square of 40s * - 1600 ( 
Which ſubtrafed, there reſts oo 1 
The Log. of 900 is 2,954242il ( 
The half whereof is | I,977121 
which. is the Log. of 30, and that is the Root w 
Side required. | 7 
| The like will be performed by the other 
if Side. | 
| -. es 
| 1 Prop. 18. = .. 
Wl Having the tws ſtyaight Sider of a, Reflangu : 
| | | lar Triangle, to find the Content thereof. Wi, 


| | Add the Logarithms of the two Sides to-W,, 
iq! . Kcther, fo you have the Log. of the Content of " 
iq! the whole Square; then take half that Con- WW, 
tent, and it is the Content of the Triangle. , 
Thus the Sides of the Triangle being 30 


and 40, | (, 

The Log. of 30 is - 1.477121 

The Log. of 40 is 1.602060 
The Sum is $,079101 


_ which is the Log. of 1200, the balf whert 
of is 600, mwhieb'is the Content of the Tri 
angle. | | 

Orelfe you may multiply one Side by, the 

half of the other: So 30 multiplyed. by 20 

yields 609, as before. And this is-the renlay j 

olWic 


other. 


Prop, tg. 
Ti meaſurt the Content of any Plains Triangle: 
The cotnmon ' and beſt way 1s to. let fall 4 


Perpendicular upon che longeti Side, and fo - 


multiply that Side and the Perpendiculat 
together, the one by the halt 'of the other. 


ad the Perpendicular (from the Angle opps- 
ed thereunts) be 12. Multiply 25 by 6, ei- 
ther in Simple Numbers or Logarithms \ ſo 


o you have the Content of the Triangle. 
multiply 25 Log 1.397940 
30 by 6, Log- 0,7781 oF 
F Conteut 150 Logs 2,176cgt 
w j Prop. 20, 
h by the three Sides of a Triangle to find bt 
ri Content. 

WM. This is another way, though not 6 uſe- 
theMulas the former; Add the three Sides toges 


ter; then from the Sum thercot ſubtract cach 
Ide ſeverally, and note the Differences from 
be faid half Surg of the Sides. Then write 
DL 2 down 


| Geometrical Propoſttiont. a5. 
of the meaſuring of all. Triangles after this 
manner, by halt of one of the Sides, by the 


ll Les the longeſt Side of a Triangle be 25; 


_ _ 4 "-, > As o 
_ rat. ” es S. - i ; gi. #2 
C As 4 _ — —_ 
Ye Toa yo — - 
ge r—_ cc . _ 
» a -- O _ 


———— my 


. - 
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” Geometrical Propoſ tions. 


down the Logarithms of theſe four Numbers, 
and add them all together. Laſt of all take 
half of this Sum, and it is the Logarithm of 
the Content deſired, | 
Example. Let the three Sides of the Tri- 
angle be 15, 20,255 their whole Sum 1s 60, 


the half Sum 30., 
The half Sum 30 Log. 1477121 
The one Side 15 /&= 15 1,1760g1 
The other 20 SS. 10 1;000000 
The third 25 YZ*=4 5 0.698970 
The Sum of all > 4:352102Y- 
The balf Sumis 2,176091ll 
which is the Logarithm of 150, being the CoM * 


tent of the ſaid Triangle. 


; Prop. 2 Io y 
| To find the Content of s Circle the com- ll * 
mon Way. o 


Multiply half the Circumference by hal 
- the Diameter, 

Example. The Circumference being 44. and 
the Diameter 14, multiply 22 by 7, the Cot 
teat will be found 154+ 

This way is moſt exa and ready, prov: 
ded the Diameter and Circamference be tru 
ly known, for which conſult the following 
Propoſitions, 


Prop 


Ceometrical 


, __ OſMZONS. 


Prop. 22. 


The Diameter of a Circle being given to. find 
the Circumference. 


47 


r- | Fxamwple. Suppoſe the Diameter given to 
50, Wl be 14+ 

\Ar7,t022: 
21 So the Diameter 14+ to the Circumference 44+ 
91 Or more cxactly, As 1, 


oof To 3. 1416, twhoſe Log. is ©. ©0,497151 
70 Sothe Diameter 14+ Log- 1,146128 
$2 Jo the Circumference w 1,643 279 


which is the Log. of 43,982, which is almoſt 
1n- 44> 45 the common way. 

The moſt exact Proportion of the Circum- 
ference to the Diameter is that of Van Ceulex, 
who makes it as I t03, 14159,26535,*9793, 
23846, 26433, $3279, 592858 3 but the for- 
mer Rules will ſerye in moſt Operations, , 


Prop. 23. 


Hoving the Diameter of a Circle, #0 find the 
Superficial Content. 


17, 1022; 
$0 Square of Semidiameter,, to the Contents, ; 
So let the Semidiameter be 7, the Square 


thereof "is 49, aud the Content 15 
D 3 Or 
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Or elſe ſomewhat more Artificially and 
Exactly, 
As 1.193, 1416, whoſe Log. is 0497151 
So Squ. of Sexvid. 7,.$4- 49) Lag, 1,690196 
To the Log. of the Content. _ 2,187347 


which is the Log. of 153. 94 parts, which it 
ſomewhat more exact than the otber. 


Go nm GS 


Prop. 24». 
7 be Circumference of a Circle given, © % find 
the Diameter, 


A122 407 : So tbe Circum. to the Diameter. 
Or, As 1,0 0,31$3, whoſe Log. is — 0,502837 


Fo the Cireumference to the Diameter. . þ 
Prop. 25. " 

By the Circumference to find the Content, 
At 4 times 22, whichis $8,007; - ©: 


$0 the Square of the Circumf. to the Content. 
Or, As 1,10 0,0796, whoſe Log, is — 1.900913 
So the Square of the Ciroum. to the Content» A 


- Prop. 26. 
By the Content of a Circle to find the Diameter, 


As 22, to 4 times 9p, which is 28: 

$0 the Coment, to the Square of the Diameter. i 

Or, As 1,0 1, 27324» whoſe Log. #5 0,104910 W4 

So the Content fo the Square of | the _ Lf 
rop 


". Geome ORs" 


 * Prop. 27- | 
By the Content t0 find the Crcunference. ; 


Ar 7,0 4 times 22, which is 88: - 

$0 the Content to the ge: of the Champs. 

Or, Ar 1.t0 12, 5664, whoſe Log. is 1,c982 13 
$0 the Content to the Square of the Circumf. 


' Prop. 2% 
By the Content of a Cirole, to find the Side f 
| a Square equal to its $a, 
Extra& the Square Root of the Content, 


by taking half the. Logayithm of the Cop- 
ls < © PX: 
Prop. 29% | - 
By the Diameter of a Circle, to us the Side 
of the Square equal to the Circle. 


I 8 


A 4; 1,100, 886227; whoſe Log-i Is. ——D. 947545 


$5 the Diameter t0ht' Side of tbe Square." * 


Prop, .30. 
By the Diameter of 'a Circle, v0 find the Side Y 
' the inſertbed. Square. 


Ar 1, t5 0,707 107, whoſe Log. p-—o 49485 


$93 is the Diameter tothe inſcribed Square. * 
D4 Prop. 
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| Prop. 31, / 
By the Circumference of a Circle, to find the 
' Side of a Square equal #0 the Circle. 


 5o * Geometrical 


As 1 100, 282093, whoſe Log. is — 0,4503g2 

So the Clreumference to the Side of the Square, 

© Prop. 33. 

Having the FE of a Circle, jo o fi 
the $ ide of the Inſcribed $ FRRs- 


Aft to ©, 22 5079; whoſe Log. Y=op 52334 
So the C Ircumferenct” zo the Side, & 


| "Prop. 33- ma 
WY i100. ;785398, whoſe Log. is —6. 98 cob 
$9 the Proportion of the Square drawn abouttht 
Circle, tothe Cirele included therein. | 
” It 4% KANLs 
By 301 © Trop. 34 © 301 ? 
As 1,t0 1273240, whoſe Log. is ; ©, 104910 
So the Proportiou. of the Circle: drawn. about the 
Square, to Ra Square." - 


Prop. 35s 
Having the Axis ar. Diameter, of. a. Globe, 10 
* find the, Spperficial Content. 


> Multiply the Diameter. bs che. Circumfe 
yen ce, - 


6 - 


TY. FB e: 4 #* 
> © [0 


nd 


Creomerrical FEropoſttons. 5x 
Or elſe, Ar 7 to 22, 
So the Square of the Axtx, to the Saree 
Content, 
7, 22 :: $q. Axis 14 (196) 6' [ Ge 
Or elſe, 
As 1,t9 3, 1416, whoſe Log. is ©, 497151 
So the Square of the Axis, to the Superficial 
Content. 


1, 31416: : Sq. Axis 14 (196) 615,75 


Prop. 36. 


By | tbe Circunference of a Globe, to find the 


Superficial Content thereof 


NN As 22, to 7 


fe- 


So the Square of the Circumference to the Su 
, perficial Content. 


- Or, As 1,t0 043183, whzſe Log. i5—0 502837 
So the Square of the Circunif. to the Content, . 


Prop. 37. 


By . the Axis or Diameter of a Globe, to find 
the Solid Content therof. | 


As 6 times 7, which mokes 4.2. 1022 | 

So the Cube of the Diameter to the Solid Cou+ 
' tent of the Globe, 

Or, As 10 0,5236, whoſe Log. i5—0,718999 


Sos wk ſane CERA #0 the Solidity. © 


Prope 


"Iv - 


Prop. 38. 
By tbe Circumference of a Globe, to find the 
Solid Content. 


As 1,t00,016887, whoſe Log, is —1,227552 
So theCube of the Circumf. to the Solid Content, 


Prop. 39. 
Knowing the Solid Content of a Globe, to make 
a Cube equal to the Globe. 


Extra the Cube Root of the Solid Con- 
- tent of the Globe, which is done by eniog 


a third part of the Logarithm of the Solid - 


Content of the Globe. 


7c Prop 40. 


Fy the Axis of a Globe, to make a Cnbe equal 
zo the Solid Content thereof. 


As.1, 29 0,80604; whoſe Log. is —0,906357 
So the Axis, tothe Cube Roat., 


Prop. 41. 


_ By the Circumference of @ Globe, to make a 
Cre equal to the Sulid Content thereof. 


Ar 1, 19 0256556; whoſe Log. is —0,409180 
$0 the Circumfercnce, tothe Cube Root. 
| Prop, 


by 


aa 


ProP. 42+. ps - 
By the Axis of a Globe, to make. a Square - 
equal 10 the Superficial Content of the Globe. © 


2 £ 41 1,0 1772454, whoſe Log, is —0,248573 
it, | Sothe Axiry to the Square Root. 


Prop. 43+ 
NY the Cireumference of a Globe, #0 make a 
Square equal to the Superficial Content of 
the Globe, - 


\ 04 1,t00,564189, whoſe Log- 24 0,751424 
= $o the Axis, 20 the Square Root. | 


Prop. 44. Fer 
To meaſnre the Superficial Content of the batf 
| of a Circle, or of any Seflion of a Circle 
more or leſs than tbe half. #56 : 


Multiply: balf of the Compaſs chexcof by 
the Semidiameter of the Circle. 

Example. Szppoſe a Circle, the Diameter 
thereof being 14 5 ſo the Semidiameter is 7, and 
the Compaſs of the balf Eircle will be22 3 and 
the Content of the ſaid half Circle is required. 
. Maltiply, half the Compaſy given, which is 
11, by the Semidiameter 7» fo the Contejft is 
faund to be 77, | S 


ilj'f '54 eometrical Propoſitions. 
is The hike Rule holds for any part of th 
Circle, more or leſs than the half, where the 

Semidiameter is given ; But ether SeRions | 
Circles caynot well be found, without the 
Diameter be firſt found, 


ti 


J 


if | Prop. 45- 
| To find the whole Diameter of a Circles. yl 
knowing a fart thereof, and the length of the pet 
Chord croſſing the Diameter in that part. | of 


Let a ſmall part of the Diameter be h 
and let the Chord interſe#ing it be 12, 

Square one half of the Chord,which is 6}, 
that is, multiply it by ic ſelf, or double the 
Logarithm thereof, and it produceth 403 
which divide by [4 the patt of the Diameter 
given, and there refts 163 which, added to 
the (aid part, (hews the whole Diameter toll y 
be 14. ti 
This Rule holds cither for the Se&on of 
the Circle, or rior the Section of a Gove, / 


To 


Prop. 46: 


To 0 fd. the Superficial Content of the Segment 
of a Globe. 


Find the Diarnetcrs' as in the IR Problem 
then find the | Content of the whole: Globe 
thercby, as in Prop. 33. and then lay. p 

ſ 


an oi ciÞGd % oi 


SC , 


the 
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(1 the whole Diam. 14. to the Superf.Cont. 616 
opart of the Diam. 4, to Content thereof 176. 


Prop. 47- 
o meaſure the Content of the Scament of a 
Circle. / 


bY Meaſure the Chord AB 12 2, and the Per- 


th 


4, 


2 
3 
1 
Jy 
ne 
1 
r 


0 


f 


pendicular DC 4, and multiply the whole 
of the one by two thirds of the other. This 
will come very near, as you may ſce in my 
Purchaſers Pattern. 


To meaſure an Oval Superficies. 


Maltiply the Length of the Oval by the 
Breadth, and divide the Produdt by 1,27324. 
whole Log. is0,1049 10, and the Arizgitge- 
tical Complement thereot 9,89 5090. 

Or by way of Proportion, 

As 1,27324, to the Length : 
$0 the Breadth, to the Content. 

Example. Let the Length of the Qual be 
49,and the Breadth 30, What is the Content 2 
As 1,:7324, Arith. Compl. Log. 9,895090 


To the Length 4.0 Log. $,602069 
So the Breadth 30 Log. 1477121 
Tothe Superficial Content X2.974271 


which, cancelling the Radius, 3s the Lug- of 
942,48 parts. | Prop. 


56 Geometrical Propoſitions. 
/ 
5 RL, fi © 
E-*" Prop. 49» To 7 
To meaſure a Polygon, or a Regular SuperficiſW5e t! 
that bath many equal Sides. Tot 


Multiply half the Compaſs by the Length A 
of the Line drawn from the Centet (quieeſ,... 
wiſe, to the niidit of any of the Sides: 

Example, Les the Polygon have fix equd 
Sides, each 24 long, the Line, drawn from thi 
Center to any of the Sides ſquirewiſe, will l ſl 6; 
21 fere: So balf the Compaſs will be 3 tim 


24 which 3s 723 this multiplied by 21, mak q 
- 1512 for the Contents 


Prop. 5 Os | by 
To find the Superficial Content of 8 Cylindet 
| . by the Diameter. 


As 7 to 22, or, Ar 1103,1416: 
$0 the Diameter and Length of the Side ninlti: 

plied together to the Superficial Content of the Il R 

etet-fide of the Cylinder, beſides the two Baſes, | r 

E xample. Let the Diameter be 7, the Side 
or Length 12, which multiplied make $4 

As 1,40 3, 1416: : So 84 to 263, 69. 

Or elle you may work ic forewhat more 
tcadily by Inſtruments. ” ” "0 
A; 0,318308, tothe Diameter 7; | 
So the Length 12, 10 the Content 264 fere. , 


cometrical Propoſitions. 
And by the Tables, © 
ft 0.318308 Arith. Compl. Log, 9.497153 


To the Diameter 7, Log, +— 0,3845098 
vl So the Length I2, Log. | 1,079181 
Tothe Content'263 89. | X1,421432 


om which v»be Radius being ſubtraded, there 
remains the Log. of 263,89 parts, as before, 
fer the Content of the round out-ſide, not reckg+ 
ning the two ends, which you may find by the 
Proportion of the Diameter to the Circle. 


Circumference, which being multiplied by. 
the Length, gives the Superficial Content, 
adding the two ends-thereunto. 

So the Compaſs being 22» multiplied by 12 
makes 264,, without fartber trouble, beſide the 


ends. 


Prop. 51. 


To find the Solid Content of a Cylinder. 
Firſt, find the Content of the Baſe, by the 


* I Ruleof the Circle, or Diameter,or both; then. 


If multiply the Content thereof by the Length- 

Example. Let the Cylinders Diameter be7, 
andthe Length 12, the Content of the Baſe will 
be 38z fere, viz. 38,4 84.5,wbich maltiplied by 
12 makes the Solid Content 461,814 parts. 


Prop. 


ef ' . , 
: ; . 


But the beſt and plaineſt way is by the | 


538 © Geometrical Propoſtttons:) 


REF ; 

To' fixd the Superficial Content of a Cont. 
Multiply the whole Side by half the Coms 
paſs' of the Baſe, adding the, Plane of the 
Baſe thcreunto. 


. 
, * 


Example. The Compaſs being 22) th: Sie , 


123 12 multiplied by 11, which is balf tht 
Compaſs, yields 132 for the Superficial Cot 
tent of . the out- ſide, without the Baſe: 


| Prop. 53. 
To find the Solid Content of a Cone, 


Firſt, by the Compaſs find the Plane of 
| the Baſe 3 then multiply it by a third patt 
of the Height of the Cone. | | 
Example. The Compaſs being 23, and the 
beight 12, for the Content. | 
Firſt, for the Content of the Baſe, 
As 12,56637.Log.Compl. Arth. $8,900790 
Tothe Circumference 22 Log. 1,342 422 
So the Circurmference 22 Log. 1,3 42422 
To the Content of the Faſe ' X1,585634 
which cancelling the Radius, is is the. Logs if 
38,5153; which being multiplied by a third 
part of the Height, which is 4; makes 154,0612 
parts. | | 
| Here you mult ovſcrve, That the Brig 
0 


Ker che Cone'is hot the length of the fide line 


KWpecrpendicularly, from the (harp Point, to the 
enter of the Baſe, all along through the 
riddle of the Cone, which cannot well be 
caſured, but may be found out by the Se- 
midiameter of the Bale, and -the fide or 
ſlope-line on the out-fide, by the Rule of the 
Square, aSin Prop. 16. | 


Prop. 54. 
To meaſure a Pyramide. 


You may obſerve here, That a Pyramide 
differs from a Cone in this reſpeA, That a 
WCone hath always a round Baſe and Superh- 
cies, like a Sugar loaf 3 but a Pyramide hath 
at Angular Baſc and Superhicies, of 4, 6, 8, 
ofany number of Sides. To meaſure this 
therefore, you multi firſt find the Superhcial 


I} 
t 


Prop. 47. then multiply that by a third part 
of the Height. | | 

And here alfo the Line of the Height can- 
not be meaſured on the out-ſide; but muſt 
de found out by the Line drawn from the 
Center of the Baſe ſquirewiſe, upon the 
thiddle of one of the Sides of the Polygon, 
ad then from thence up the middle of one 
E 


tb aww +9 Mm Oo ©  . 
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Weaken on the our-fide, from the Baſe to the - 
'Wizrp Point thereof; but the Line that falls . 


Content of the Polygon at the Baſe, as in 


of 


we ret > 


F — II: 
om ao IR y* 
- _ - 


+1oH 'JT I FJD ONONENTY. = 
of the Sides, to the Cuſp or Point at the toy 
By theſe two Lines you may by the Rule of 
the Square, Prop..16. find the inſide Line 
the Height, and fo find out the Solid Cor 
tent thereof. 


he 
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A 

Uſe of Logarithm 
IN | 

TRIGONOME TRYFE 

F Erein indeed confſifts their moſt frequen Pl 

and moſt excellent Uſe : For as Trig be 

nometry is neceſſary in moſt parts of the jo} 

thematicks, fo it is formwhat difficult anc S 


tedious to be performed by Natural Num 
bers and Arithmetick. And though may 
Mathematicians have found out ſome hel; Fig 
therein, by avoiding Diviſion .in many Opt 
rations; yet none comparable to this of ti 
Logarithms, For, firft, theſe Artificial Sine 
and Tangents arc found as readily as the Na 
tural Sines and Tangents, which mull b 
found out by Tables, it being impoſſible fa 


an 


Of Plain Triangkts: 
ny tokeep them in 'memory: And thenbein 
ound our, they are as cakily tranſcribed. Aol 
laſtly, the Operation is abundantly more ſpee= 
dily and certainly performed by themzbecauſe: 
here is only need moſt times of the Addition 
of the two found Numbers together, or at 
moſt but a SubtraQion of a third Number 
from their Product, or inſtead thereof, an 
Addition of three Numbers rogether. 

. Trjangles are either Plain or Spherical, 


L Of Plain or Right-lined Triangles. 


MEI JEre, firſt, take a few general Rules a- 
bout them, 

' I. A Plain ot Right-lined Triangle is a 

Plain or Superficies contained or compre-= 

hended within three Right or ſtraight Lines; 

jyned together with three Angles or Cor- 

Y ters, 

2, Theſe Plain Triangles are either Right- 
angled, that is, having one Right Angle, as 
Fig. 1. ABC; or elſe Oblique- Angled, that 
8, without a Right Angle, as Fig. 3 A B G3 
Yaving all the three Angles cither Acute, 
nYNat is, leſs thang deg. or ele one of them 
Obcuſe, that is, more than go dey. 
3+ In either ſort of theſe Triangles the 3 
J Angles are always equal to two Right Angles, 

that is, 180 dep, | 


62, Of Plain Triangles: 
4- Ina Right-angled Triangle, the Right 
Angle' being always go deg. the other two 
Angles make alſo juſt go deg. in ſuch man- 
ner that one 15 the Complement or Co-line of 
the other ; ſo that ene of chem bcing known, 
the other is alſo known, | | 
5. The Lines about the Triangle, ſome - 
call them Sides, ſome Legs: But in Right- 
lined Triangles, for better diſtinQtion, it 
will be beſt to call BA, - the bottom-line, 
the Baſez CA, the upright-line, the Cathe- ll . 
2us or Perpendicular: and .BC, the flope- 
linc, the Hypotenule, | 
6. Every Triangle hath ſix parts 3 that is, 
three Sides and three Angles 3 and theſe arc 
all proportional one to another i fo that any 
three of them being known, the other three 
may 'be found out; unleſs it be the three 
Angles of a Plain Triangle, which only ſhews 
the Proportion, but you may make the Lines 
what length you will: 
'7. The Sines of the Angles are propoxrti- 
onal to their oppolite Sides 3. and the Sides 
* are proportional to the Sines of their oppoſite 
Angles. | - 
E3Mork this Rule well; for you will find 47 
 itof greatuſe, as you fall ſee by thiſ | 
following Prepoſitions. . 
$. It any Angle cxcced 90 deg. ſubtract it 


out of 1$0d.and work by the Sinc thereof- 
Prop. 


» 
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| Prop. 55. 
Two Angles and. one- Side of a Right-augled 
Trimgle being - given, 10 | find the other 
Sides aud Angle. ; hh 


Example. In the firſt Figure, in the Right- 
angled Triavgle B'A C, the Angle-at A be- 
ing known to be a Right Angle, :or: 90 deg- 
and the Angle at B being known to be 36 d. 
52 min. 12 ſec. and the Side B C being 
known to be 350 Inches, Feet, Yards,.Poles, 
Miles, Lecagucs, or any other kind of Mea- 
ſure 3 How may I tind' hereby the other two 
Sides, and the other Angle? ooo 

Firſt, to find- the Angle unkown, which 
is the Angle at -C,. you muſi remember the 
fourth Rule before-going : And (o this; be- 
ing a Right-angled Triangle, the Angle at G 
is the Complement: or Co-tine of the Angle 
at B. Take therefore the Angle B 36 4. 52 mh 
12 ſec. out of go deg. and there xetis for the 
Angle at C 53 4. 7 m. 48 ſec, which is the 
Co-line of the'other, Angle, - | 

Secondly, to tind the Side C A, your beft 
Way is to work by its Proportion to the Angle 
oppoſed thereunto. at B, according to the ſc- 
venth Rule 3 for this is a general Ryle in all 
Plain Triangles. | 

E 3 | Az 
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As the Sine of any Angle, 

To the Parts of the Side oppoſed thereunt; 
So is the Sine of any other Angle, | 
To the Parts of the Side oppoſed thereuntos 

And (o on the contrary, | 
As the Parts of any Side, &c. 

So that in this Triangle BAC, having the 
Side BC 350, oppoſed to the Angle at A 
90 deg. you may thereby. find the Side A, 
which is oppoled to the Angle at B, that 
Angle being known to. be 36 deg. 52 min 


T2 ſec. For, Ts 
As the Radius or Sine of the PI of 

gle at A god. Tg | 
To the ofipoſue Side BC 3 50 2,544.068 


So #5 the Sine of the Angle at "c 
36d. 52 m. 12 ſee. 9.778151 


To the oppoſite $ide A C 210 x2 ,322219 

Add the ſecond and third Numbers toge- 
ther. and from their Sum ſubtract the firſt; 
which, becauſe it is the Radius, it 1s done by 
cancelling, the firſt Figure'2'3 fo the Remainer 
Is 2,322219, which is the Log. of 210 for. 
the Side dcfired. 

Thirdly, By the ſame Rule you may find 
the remaming Side B A, which is yet un 
known, by its Proportion to the oppoſite 
Angle at C, which was found to be 53 x 


7 min. 4.6 ſee. 


At 


comm 


A the Radius or Sine of 90 d. 10,000000 
To the Side oppoſed B C 350 ' 2,544068 
We the Sine of the Angle C53 | 

d. 7 me 48 ſec. - 3 Leng <8 

Tothe Side B A 280 X2,447158 

which cancelling the Radius, the Remainer is 
e Wihe Log. of 280, for the Side BA. And 
\ Wthus you have found all the fax parts of the 
\ MTriangle, 


h Prop. 5 6. 


Two Sides and one Angle of a Right-angled 
ol Triangle being given, to find the reſt of the 
of Parts of the faid Triangle. 


i 'f the Angle given be oppoſed unto either 
" of the given Sides, you may work by the 
9 —_— of the oppoſite Sides and Angles: 
&-m* Or), 
4s the Parts of auy known Side, 
To tbe Sive of the Angle oppoſed thertnnto 
$0 the Parts of any ather Side, LI 
"To the Sine of the Angle oppoſed thereunto.1 
* Example. In the Triangle ABC, Fig 1» 
Let the ewo given Sides be 'A B 280, and B 
350, which Side BC is oppoſed to the 
Angle A, being known to be go deg. 
Firſt, To find the Angle at C oppoſed to 
the Side A B. | 


E 4 As 


2 ww BU eli 0 on ow oo oo 


<a EEG. 2 oo 0 the 


Side AB, and the Angles B and C but 


66 _ Of Plain Lriangles. 
As tbe Side BC 350 Log. 2,544068 
To the oppoſite Augle A 90 4, 10,000009 
$o the Side AB 280 24471508 I 
SUM I 2 44715] 
o the Sine of the Angle C 53 d. $0 
7 7 wh p ſec. IN c 9,903Ccg0 


Add the ſecond and third Numbers, andf $ 
from the Sum thereof ſubtra& the firſi, the $ 
Remainer is the Sine of the Angle delirediſ | 
which is 53 dep. 7. min. 48 ſec. i 

Secondly, Now this Angle being known, 
the Angle at B 1s the Complement thereof x 
which is 36 deg. 52 min. 13 ſeg. , 

Thirdly, For the Side CA, having found} | 
the oppoſite Angle at B to be 36 deg. 52 min x 
12 ſec, you may beſt find it, as before, in theſÞ | 
lai Propoſition. ol 
As the Radius or Sine of the An- 

gle at Agod. 

To the oppoſite Side B C 350 2,544068 
©gi4 the Sine of the Angle at 815 
. 36 deg. 52 mint» 12 ſec. 8779157 
No the Side AC 210 .""2$.322400 
You might have found it alſo by th} 


10,000000 


to work by the Radius is ſomewhat tht 
readicx way. © 


Prop, 


— 


OO "Of Blain Triangles. 


Prop. 57. 
In « Right-angled Triangle, the two Sides in- 
cluding the Right Angle being given, 10 find 
the reſt of the Parts of the Triangle. | 


Example. In the Triangle BA C, Fig. 2: 
Suppole the Side B A to be 280,, and the 
Side AC to be 210, and the Angle A be- 
tween them to be a Right Angle go deg. to 
find the other parts of this Triangle. 

You may make either Side the Radius ; 
But we will ſuppoſe the Side B A to be the 
Radius ſo the Side AC 'is the Tangent of 
the Angle at B 3 the Angle at C is the Com- 
pl:cment of the Angle at B; and the Side. 
bl BC is the Secant of the Angle B, or-elſe 

may be found by the Rule of Oppoſitipn, 
off Firſt to find the AngleB, | 
' As the one Side B A 280 Log, 2,447158 


6b £ — 
gi} Totheother Side AC 210 2,322219 
_| Se 3s the Radius gO deg. 10,002000 
19 | | | — — 
hell Sum 12,322219 


Out yp 
the To the Tang» of 36 4.52 m. 12 ſec. 9,875061 
which is the Angle atB , the Complement 
whereof being 53 deg 7 mine 48 ſec, is the 
op-l Angle at C, 


Then 


i 2 we. 
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Then for the Side B C, 


As the Sine of the AngleB 36 4. 
| ms ok - ſec. putty $ 9778151 
To its oppoſue Side AC210 _ 2,322219 
So the Radius, or 90 deg. 10,000000 
Sum : 12,322219 
To its oppoſite: Side BC 350 2,544068 


Or you may tind the Side B C, as it is the 
Secant to the Angle B, | 
As the Radius, or 90 deg. 10,000000 
Tothe SideB A 280 2447158 
$9 the Secant of the Angle B 360 Yo cles 

d. 42 mes 12 ſec. tits, 
To the SideBC350 \ x2,544068 

If you want the Secant,” you may find it 
by the Axithmetical Complement of the Co» 
fine, as Chapter 11. 

Or clſ{e you may ſquare the two Sides, and 
then add them together,..and the Square Root 
of the Produd will be the ſloping SideB C. 


The Square of 2805s . 7$406 
The Square of 210 # 44100 
IP hich. added together make 122500 
The Logarithm whereof is | 5,088 136 
The balf whercef is 2,54.4064 


which is the Log. of 350, the length of the 
third Side B C. And thus you have all che 
Parts of this Triangle. 


Prop. 


; 
) 
| 


Of Plain Triang ler. © 


Prop. 58. 
[ a Right-angled Triangle, two Sides being 
given, including one of the Acute Angles, 
jo find the otber Parts of the Triangle, 


Example. In the Triangle A B C, Fig. r. 
Let the Side AB be 280, and the Side B 
C350, and the Angle included between 
them 36 deg. 52 min. 12 ſec. to- find the 
other Parts. 

Firſt, the Angle at A is a Right Angle, 
or 90 deg. | 

Secondly, The Angle at C is the Com- 
plement of the Angle at B; therefore it'is 
534.7 m. 48 ſec. | 

Thirdly, Theſe being known, the Side B 
C may be found by the Angle B oppoſed 
thereunto, as before, - 6 
As the Radius 90 "s. 10,000000 
To y” ug yn 350 2,544068 
So the Sine of the Angle 6 I 

d. 52 m. 12 ſec. , : : 9778151 


——— 


To the Side AC 3210 | xX2,322219 

Theſe are -moft of the Caſes of Right- 

angled Trianglesz or to theſe Rules 
they may be all reduced. 


Of 
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of Oblique Triangles. 
| Prop. 59. 


Two Angles of an Oblique T riangle being gh 


ven, and a Side oppoſed to either of them, 
to findthe reſt of the Parts thereof. | 


Example, Tn the Triangle ABC, Fig.z, 
the Angle at A1$30, the Angle atBis 45, | 


and the Side BC is 2900. To hind the reft 
of the Parts of this Triangle. . be 
* Firſt, To find the Angle C, it is the 
Complement of the other two Angles to 180; 
for the three Angles always make 180 dy, 
as in the third Rule : So that thefe' two An- 
gles, A bcing 30 deg. and B 45,deg. being ad- 
ded together, make 75 deg. and their Com- 
pleinent to 180being 105 deg. 15 the' Angle 
at C.. 7 nag 
Secondly, The_ Angles, . being, all thus 
known, the Sides \unknown may. be found 
by their Proportion to their oppolite Angles, 
as before; for the Proportion holds alfo in 
theſr. Thus to tind the Side A Cz 


As the Sine of the Augle A 30d. 9,698970 - 


a__— + —— 


So the Sine of the AugleB 45d. , 9,9849485 
| Sum of ſecond and third 13, 311983 
To theoppifite Side A C 4101 3,612913 

In 


2 _ - 
: : | 
- » 4 py %, We 1 p Y : 
*F 'S* 
# |  S \ y 8 % : 
70 , | 
I \ 
[ 


"One Triavetes.. 7Þ 
In ſuch Caſes as theſe, when you have a 
ne or Tangent in the tirft place, you may 
ook by the © Arithmetical Complement 
ercof, and fo fave the Subtraction, as L 
ewed Chap. 11, And fo Ifhall doin the 
lowing Operations. | | 
Thirdly, Then to find the other Side A B, 
ythe oppoſite Angle at.C, which is 105. 
Here becauſe the Angle exceeds go deg. 
x0u muſt work-by che Complement to 180, 
ſt Which is 75. | 
Wt the Sineof A 304d. Arit.Comp. 0,301030 
© Wo the Side oppoſed toit CB 2900. 3.462398 
) Woo the Sine of C 105, viz. Sine75. 9.984944 
Tothe Side oppoſed A B 5602. x3,748372 
Thus have you all the Parts of the Triangle. 


Prop. 60. 


Two Sides and an Angle oppoſed to one of them 
being given, to find the other Angles and 
the third Side. | 


This is but the Converſe of the former ; 
for the Sides and Angles have a mutual pro- 
portion one to the other. 
| Example. In the Triangle ABC, Fig. 3. 
let the Sides given be AC g1o1, and CB 
2900, whereunto the Angle oppolcd is A 3o- 
d.to tind the Angle B, 


As 


| Side AC be g1oi, and the Side A D 5602, 


72 Of Obhque Triangles. © 
As the Side AB 2900 Comp. Ar. 6,536 
To the Sine of the opp. Ang. A 30d. 9,698; 
So the Side AC41ot _ 346128 
To the Sine of the oppoſite Ang.B x9,8494 - 
which #s 4.5 deg. | 
| Now the Angles A being 309. and By 
d. which make 75, the Angle C mufth 
105 d. the Complement to 180, and the Sid; 
oppoled thereto 5602, as was found before, 


Prop. Gt. 


Two Sides of an Oblique Triangle, with i| 
Angle contained between them, being giva 
to find tbe other Angles and Side. 


In the Triangle ACD, Fig. 4+ let the 


and the Angle between them at A 3o 4. and p 
It is required to find the other two Angle , 
and the Side CD. 

To reſolve this Oblique Triangle,'tis a good iN 7 
plain way to part it into two Right-angledi & 
Triangles, by letting fall the Perpendicular | 
C Bfrom the Angle C. To pertorm which, 

Firſt, For the Right Angle ABC, you 
have the Hypothenuſal AC 41cr, and the 
Angle at A30deg. Therefore as in Propofi- 
204 $5. by the Rule of oppoſite Proportion. 


At 


j 


= ® kk. 


Py a a= 


F" Obltaue Trimmoles. . 


"Ai Bgodeg. ro ACgio:: 

$0 A 30 deg-ts C B 2051, 

And again, 

AiBgodeg.to A Calo: 

SoC 60 deg. to AB 3551. 
Thas you have all the Sides and Angles of . 
the one of theſe Triangles A CB. 
"FF Secondly, For the other Triangle, which 
 i;CB D, ſubtract the Side A B, which was 
found to'be 3551, from the whole Line A 
D, that is 5602 3 and there reſis 2051 for 
the Side BD: And thus you have the two 
ol ſtraight Sides of the, Triangle CBD, wvize 
= CB2051,andBD 2051: Ando you may; 
W a5 in Prop. 57. find the Angle D by Tan» 
gents. 
nll 4, BD, #0BC:: SoRad. to Tang.D 45 4. 
| Laſtly, For the Side CD, by oppolite 
Proportion, 
"| 4: BC,o0D454:: $-B 904d. to CD 2901s 
Another way to perform this. 


73 
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. 


; Take the Sum of the two Side AD 5602 
5 vides, and the Dilfrnce 5 AC 4101 
, of them, and work thus. Sum 9703 
Vu Diff. 150T 


ic As the Sum 9703, Log. Ar. Com. 6,013094. 
i- if Tothe Diff. of the two Sides 1501 3,176381 
, If So Tang. of + Angles unkn. 75 d: 10,571947 
To Tang. of Diff. of Angles 30d. x9,761422 
This 


—_— - , Ki -_ — 
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7. JF UDINGQHE- LTTAHPLES. 
This added to half the Angles un- 
known, ſhews the greater An- 
gle to be 105 deg. and ſubtracted | 3o » 
from it, fſhews the leſs Angle to 105 0 
he 45 dege O Me. | mm 

And thus having all the Angles, #5 9B 
you may hind the unknown Side CD by its 
oppolite Angle at A. 


* Prop. 62+ 


Having the three Sides of an Oblique Triangll, 
to find the Angles. 


In the Triangle AC D, Fig. 4+ Suppoſe 
the greater Side A D be 5602 | 


The two. lefler F AC 4101 
Sides CD 2900 


The Sum of thele two 7oor 

The Diffcrence of them 1201 . 

As the greateſt Side 5602 Cc0.ar.6,251657 
To Sum of the 2 leſſer 7-01 3,645160 ſl 4 
So the Differ. of them 1201 3,079543 I 6 
To e fourth Number ISor 73,17636) b 
This 1501 is AE a part of the greatclt 1 
Side, ' which bcing ſubtracted from it, the (Þ® 
Perpendicular will fall in the middle of the I" 


Remainer thereof, and (o part it into two © 
Right-angled Triangles. " 


Lon I AS — 


"= Plain Trhevedes.. 75 
Thus the greater Side AD being 5603 


| The Part to be ſubtraGed AE. T<Gr 
| There remains E D 410t. 
: The balf whereof i 45 D.B. 7 OY. 2050: 
 Wwhich is the place where. the Perpendicular 


CB falls, and is the Bafe of- the leſſer Tri- 


the greater Side, leaves 3551 for the Baſe of 
he greater Triangle A B C. 
Now having theſe two Baſes of theſe ewo 
riangles, and their Hypotenuſas 4101, and 
2900 given before, you may-by the Rule of 
Oppoſite Sides to their Angles find; y From 
\ngles. + | 

1. In the Triangle A B C, | 
AtAC 4101, toBygo deg: 
S$AB3551, to C bo deg. 
» Complement whereot 1s the Angle A 
$30 eg. 

2. Ther in the Triangle C B D, 
As C D'2900, to B go deg. 
So BD 2050, to C 45 deg- 
hoſe Complement is the Sante atD 45 o& 
Thus in the firft- Triangle 'ACD, .we 
e Wave found the Angleat A tobe 30 deg. the 
« "gle at D.to be 45, and the two- Angles 
o f C to be 6o deg. and 45 deg. hat is in = 
05 deg. 


u F. : F 'O-F 


— WV ww OO ww- 


angle D BC. And* this ſubtraged from 


T”* O F 
Spherical Triangles. 


" Exe likewiſe you may take a few G 
ral Rules for thc better underſianding 

theſe Triangles. | 
I. Theſe Spherical Triangles confiſt of fy 
Parts,. that is, three Sides and three Anglei 
any three of which being known, the 
may he found out. 


”* 
I», 
ow 


cles of a Sphere and as Plain Triangles at 
meaſured by a Meaſure or Scale of Equ 
Parts, fo theſe are to be-meafured by a 
or Arch of Equal Degrees. 

3- A Great Circle is any ſuch Circle 

divides the Sphere or Globe into two equi 

| Parts as the EquinoGial, the Ecliptick, t 

Menidians,. &c, | | 

4+ The Sum of the Sides of a Spheti 
-Trianglc are leſs than two Semicircles. 

5- The Sum of the three Angles of 
Spherical . Triangle. arc greater than OV 
Right Angles, but leſs than ſix. . 

6. A Spherical Triangle js either ReQu 
gular, - oran Oblique-angular Trianglc. 

7, Il 
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9. The Sines of: the Angles are Proportio- 
nal co che Sines of thcir: oppoſite Sides 3 and 
20 the contrary, the: Sines of the Sides as 
roportional to their-oppolite Angles. ' 

8, In Right-angled Triangles, the Side op- 
polite to the Right. Angle is called the Baſe .- 
the other.two are called Sides or Leys. 

9. A Perpendicular is part of an Arch of a 
Great Circle, which, being let fal] from any 
Angle. of a Triangle, cuts the oppoſi te Side- 
of the Triangle at Right Angles, and ſo "oy 
the Oblique Triapgle into two Right-ang 
Triangles, And theſe two Parts cithey of the 
Side or Angle, {o divided, muſt be ſome- 
[time added together , and ſometimes ſub- 
tracted from each other, according as the 
Perpendicular falls withig or without the 
Triangle, 


[EIT ”"—_ —_—_—— 


Of Right-angled Spherical Triangles. 


Prop. 63. Caſe 1. 


The Baſe and one of the Oblique Angles being 
known, to find tbe Side oppoſetl to that Angle» 


In the Right-angted Triangle A B E, -& 
preſents the EquinoGtial Point, AB -is an 
Arch of the "ONO according to the Lon- 

F'2 gitude 
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gitude of the San in the beginning of Tay 
rw: So that ABis 30 deg. B C thews the 
Declination of the Sun from the Equinodi. 
al in that Lougitude, and AC 1s an Arch 
of the EquinoGtial Circle, ſhewing the Right 


| Aſcenſion of the. Sun in B, 


Now. knowing AB to be 3odeg.. and the 
Angle of 'the Ecliptick at A to be 23 d. 30m 
1tis required to find the. Declination of the 
Sun, that is, the Side BC eppolice to the 

leatA. - | | 
ve the Radims or Sine of 90 d. 
To the Sine of the Baſe BC 30d. $9,698970 
So Sine of the opp. Ang. A 23 d. 30” 9 600700 
To Sine of the Side BC 11 4.30' r9,299610 
which is the Declination of the Sun tor tht 
Point B of the Ecliptick. * And if you take 
this Sine of the Angle of the Ecliptick, 23 4 
30 m. which 15 9,600,700, and write it doyt 
in a Paper by it {e]f, and lay it to each De 
gree and Minute of the Canon of Sines, and 
{o add them together, writing eut their Sum 
in a little Book : it will be no great Jabor to. 
make an exaQ Table,ſhewing the Declinatimn 
for cach Degree and Minute of the Ecliptick 

This alſo is the way of letting, fall a Pct 
pendicular from an unknown Angle 3 fot 
B C1s Perpendicular to A C, from the At- 
ole B. S | | 


Pcop, 


I O,000000 s 
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the 


the Prop. 64+. * Caſe 2. 5 
Ji; + Baſe, and one of zhe Oblique Angles be- 
Kl ing known, to find the Side adjacent tothat 
ol 72 


1 the Radius, ts the Of we of the Angle known : 
Fo the Tangent of the Baſe, to the Tangent of 
the Side required. 

Thus the Baſe AB being the Longitude 
f the Sun 30 deg. and-the Angle A, oing, 
23 deg. 3ZO min. t e 'Side AC will be found” 
pbe 27 deg. 54 mine, which is the Suns Right 
ſcenfion in that Poing. 

d; the Radius, or 90 gre - ,000900 
le the Cofine of A Cof.. 23; 30 9:962398 
6 the Tangent of AB, Tan. 30d. 9.761439 © 


4 Wothe Tangent of A C27 d. 54 m. X9,723837 
wo Thas taking this Sine 9;962398, you 
Je ay. make a Table of Right Aſcent on .tor 
md erery Degree of "the Suns Longitads, & b as be- 


re for the Declinatian, - ITS; CAL 
. This alſo is the way.of letting fall a Por- 
pendicular from an Angle known..:i Far A 


& BÞ being Baſe, A'CangB C: cut one: .anqther 
A ae Angles in the Roint C. 
0f 


_ IL. 4i 


% 


T2 Prop, 
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Prop. 65- Caſe 3» 


| The Baſe and one of the Oblique Angles bi 
known, to find the atber Oblique Angle. 


As the Radius, tothe Co-(ne of the Baſe: 
So the Taugent of the Angle given, to the (, 
tangent of. the Angle required. 

Thus the'Baſe A B being 3o deg. and t 
Angle A 234. 30m. the Angle B will | 
found 69 deg. 22,m1in. which is the Angle 
that Point of the Ecliptick with the Ma 
dian, | 
And'thus you haveall the fix Parts of 
Righu-angled TriangJe A BC. There a 
other ways to find Hem) : but theſe are 
moſt Teady, | Ws Radius in i the f i 
[9 cs | Ls 


Drops 66. . Cale 46* 
| "y te Sides being given, [ find ihe By 


As the Radius, to the Cr-ſone of one of the Sil 


Sotbe Co-fine of the wy os to the CF! 
 "itbd Baſt. 


Example." In the Trivngle A BC, the F 


A Ching 294: 46%7'8nd the Side BC| 
ing 114.30 m. thc Baſe AB will be 3o dx; 


mY Ck aa = 
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Prop. 67., Caſe 5. 
The two Sides being given, to find either of 
the Oblique: Angles. o\ 
Ar the Sine of the Side next the Angle required, 
is tothe Radius : 


WS is the Tangent of the oppoſite Side, to the 


T angent of the Angle required. | 
Thus in the Triangle: ABC, the Side | 


YAC being 27 4. 54 1- and the Side B C be- 


oy to be 23 d. 30 m. Tp 
fil Here work by the Compl. Arith. in the 


ing 14. 30 m. the Angle A will be found 


firſt place. 


e ti fs the Sine of A C 27.5 4 Coe Are. . 0,3 298 18 
"8 To the Radius | 


10,000000 


Wb the Tangent of BC 114.30' 9.308465 
BY ſothe Tangent of Az3d.30m. g.,633261 


{ [ 


Prop. 68. Cale 6. 


pf One of the Sides, and the Oblique Angle next 


' i» being given, #0 find the Baſe." . 


4s the Co-ſine of the Angle given, is Uo the 


Rading : 


bf So the Tangent of the Side givens to the'Tou- 


Kent of the Boſe 


E &-. | ; Bo 
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So the Side A C being 27 d. 54 ms. and th 
Angle at Az3 4. 30m. you hall hind th 
Baſe tobe 30. . { 
Cof: A, Tang. KC: ; Radius Tang. AB, 
334 30 27 454. 1994. 2070 


; 


 BrOp+ 69h \Caſe 7 Ps 41.4 ( 


"One of the Sides, and the Oblique. Angle ne 
it, being kromn, #0. find the other Side. | 


As the Rediia,* to the T angent of© the * Ang) 
' given: 

Ss the Sine of the Side given, to the Taugen 
, of the Side required. 

h Let ACbe'27 4. 54m. the Angle A 234 

30 m. the' Side £ B will be'foutidd 110 | 
OMe 

4 - Radius, _— Ac? Sine AC, Tang: CB: 


9G 23- ge. 27 . IT 30 


69S : Pxbp2 720. - Cale Be. 13. 1 ON 


One of the Sides) and the 3 ae Pu Mead 
*. if, being given, to find-, the, Lag! OO 
Angle. 


— 


i 


"Hr the Rating; tothe Sine of the' Mugte given, * 
So the Cofine of the given Side, ts the Cofiue if - 
. the Angle required. 
Let AC be2h deg. 54 min. and the " 
ge 
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le _ deg. 30-min. the Angle B will be 
found 69 deg. 22 min. . 

| Rading, SimeA:: Cofc A = Ce. B. 


Nd 92. 23:30 27:54 69-22 * 


Prop. 71.. Caſe 9 


One of the Sidej and the Augle td to i 
being known, t0 find the _.” 


LetB Cbe 11 eg. 30min. and the Angle 
A23 deg.30 min, you will hnd the Baſe A B 
Odeg, - 
f Sine A, $3ueB | bf- PAY Sine A\C. 


23-30, 11.30 90 27-54 


f *** 2 Prop. '52. Caſe 10. * - 
One of ; th Sides, and the Augle oppoſed” ” it be 
Ing given, to find the other Side.” | 


LetB Che 113 tos 30 min, and the Angle 
A 4 deg. 30 min. * wp will find the Side AC 
0 be 27 dep. 54 min, - 

': Tang. A, Targe BC: : Rodin, Sin. A C. 

23:39: $1-30\ 90 27:54 


Prop. 


84. 
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Prop. 73. Caſe 11. 


One of the Sides and the Angle. oppoſed to' 
being given,- #0 find the ather Oblique Angle 


Suppoſe B C 11 deg. 30 min.- and the An. 
gle A23 deg, 30min. the Angle B will be | 
tound 69.deg 22 min. 

Coſ:BC, Coſ. A: : Radins Sine B, 
11.30 233430 90 69.22 


Prop. 74. Cale 12. 


Oue of the Sides and. the Baſe being known, t 
find the Oblique Anple next to the ſame Side, 


The Side being' A C29 deg. 54 mix. and 
the Baſe AB 30 deg. the Angle A will be 
23 deg. 30 min. 

Tang. AB, Radins:: Tang. AC, Gf, A. 

30.0 90.'** 27-54 23-30 


Prop. 75. Cale 13. 


One of the Sides” and the Baſe being Ds 9 
find the Angle oppoſed torbat Side: . - 


The Side AC being 27 d. 54 m. and the 
Baſe +'B zo d. the Anglc at B oppoſite to the 
Side A C will be found 69 4d. 22 m. 

Sine AB, Radius :;:; Sine AC, SineB, 

EfoMs) 90 27-54 6922 
Prop. 


's 
0 
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Prop. 76. | Cafe 14. 


One of the Sides and. the Baſe being given, ts 


find the other Side. 
The Side A C being a7 4.54 me and the 


Baſe AB 30d. the Side BC will be found 


11d. 30 m. 
of AC. Radins : : Cofe AB, Coſ. B C. 
27.54 90 30.0, 11439 


Prop. 77. Caſe 15. 


The two Oblique Angles ky given, #0 find 
the Baſe. 


As the Tangent of one of the Angler, zs to the 
Radius: 


$ois the Cotangent of the other Angle, to , the 


Coſine of the Baſe. 
Taug. A, Rading :: Cotang. B, Col. A B. 


23-30. \90 69422 309.0. 


Prop. 78. . Caſe'16. 


The two Oblique Anples being given, fo find 
either of the Sides. 


A; the Sine, of one of the Angles, ro the Co- 
fine of tbe otber Angles (4 

So #5 the Radins,to the Cofine of he Side oppoſed 
to tbe, Augle, whoſe Cofint was taken+ | 


Sie 
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Sine A, CoſineB :: Radius, Ciſine AC. Wa 
Sine B, Cofine A: : Radius, Cofine B C. 


—_— — — Ka 

Of Oblique Spherical Triangles : 
L901 goon 7 WG 
In all Spherical Tries geles, 

Prop- 79. Caſe 17. | 

Twe Angles, ends Side oppoſite 10 one' of them | 


being given, to find tbe Side oppoſed to the 


| Work by oppolition of Sides and Angles: 
As the 'Sine of the Angle oppaſed\ to the Side f ( 
known, . 
To'the Sine of the ſaid Side: © 
So #the Sine of the: Angle oppaſed #0 the Side 
required, 
To the Sine of the Side required. 
. » Example. Set; your Globe ta the Latitude 
of London, 51 deg. 30 mix. and turn. it about 
ſo that the Suns Longitude in the beginning 
of Taurus, or '30 deg. may touch the*Hori- 
zZon : So you ſhall have a Triangle like this, 
Fig.6. ABDand'ABE ; wherein the Side 
A B is the Longitude of the Sun 30 deg. the 
g | _ Angle 


my owe qr ed © CC an SD 
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ngle A is the Angle of the Ecliptick 23 deg. 
20 min. the -Suns -greateft' Declination, the 
des BD and BE will lic in the Horizon 
and cut the EquinoQiial in the Point Don 
the Eaſt fide, and in the Poinr E on the Weſt 
Side of the Globez and ſo BD or BE re- 
preſent the Amplitude of the Sun, or his 
Horizontal Diſtance from his EquinoRtial - 
riling and ſetting. Laſtly, the Angles D 
and E are the Complements of the Latitude * 
38 deg. 30 min. 

Now therefore in the Triarvgle ABE, 
having the Side A B 3o deg. the Angle at A 
23 deg. 30 min. and the Angle gt E 38 deg, 
30min. the queſtion is, to know the Side; 
or B E, which is the Amplitude. 

Work according to the Rule propoſed, you 
ſhall find, | | 

Ar s8E, toSAB::SosA, tw5$BE. 

38.30 30.0 23.30 * 18.41 
which is the Amplitude of the Sun in the 
Point B, whereunto B D is cqual. the one 
being the Amplitude on the Eaſt fide, the 


" other on the Weſt 3 and the Point C is the 
Point of' Right Aſcenſion juſt between them. 
And the Difference of Aſcenſion is C E and 
CD, to be added to or ſubtrated from the 
Right Aſcenſion, according 'as the Sun hath 
North or South Latitude, 


| Pr OP» 


88 Of Sphericdl Triangler. 


Prop. 80. Cale 18. 


Two Sides, and one Angle oppoſed ta one i 
thoſe Side,, being given, to find the Anyl 
oppoſed t0 the other. 


This is but the Converſe of the laſt Pro 
polition, and is pertormed by the Propotti- 
on between the Sines of oppolite Sides and 
Angles. 

Example. In the Triangle ABE, Fig 6 
the Side A B being 3o deg- the Angle E 384 
30 m.and the Side BE 18 4. 4t m. the An 
gle A will be found-23 4.30 m. 

As Stn, A B, fo $14. E: » $o Sia. E B, $0 Sin 
30.0 38.30 16-41 23-30 


Prop. $1. Caſe 19. 


Two Sides and an Angle included between them 
being known, $0 find the other Side. 


To reſolve this Propoſition, the beſt way 
is to reſolve the Oblique Triangle into two 
Right-argled. Triangles, and then work by 
the former Rules, to find cither a Side or an 
Angle, by any three parts of the Triangle 
which are known. 

In the TrianglcZ P ©, Fig. 7-let P repre- 
| ſent the Pole of the World, Zthe Zenith of 


London, © the Place of the Sun, having _ 
| 0 
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ff Longitude. Now in this Triangle P Z 
xeing 38 deg. 30 min. the Complement of the 
Latitude of Londgs, let'P © be 7o d. the 

omplcment of the Suns Declination, and 
the Angle at P 31 deg. 34 min. the Dittance 
from-the Meridian 3 the Queſtion is to ' nd 
the Side Z ©, which is the Diftance of the 
Sun from the Zenith, and is the Comple- 
ment of the Suns Altitude. 

The way to reſvlve this, is firſt to let 
fall a Perpendicujar from the Point Z, 
upon the Side P ©, which will fall in the 
\n- WY Point R. The length of this Perpendicular 

ZR may be found by the firſt Cafe, and the 
AB Side PR by the Second Caſez which being 
© I ſubtracted from P ©, gives the SidcR©: 
© the Triangle PZ © is divided into two 
Right-angled Triangles, ZPR and ZOR. 
Now having the two Sides ZR and R ©, 
you may find the Sides Z© by the 
fourth Propoſition, which is the thing de- 
ay © fired. 
wo ll But to make this ſomewhat ſhorter, and 
by & to do it at two Operations, without tinding 
an I the length of the Perpendicular Z R, work 
ple | thus, 

Fiſt, As the Radins or Sine of Z RP, 


en 


re» Td the Coſineof Z PR: 

off 0 So the Tangent of Z P, 

- | To the Tangent of the Ark PR. 
08 - 


Secondly, 
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Secondly, As the Cofime of PR, © , 
| To the Cofine of LP : 
$0 the Coſine of R ©, 
To the Cofine of Z ©;. *& 
So the Height of the Sun at that diſtanc; 
from the Meridian will be about 40 deg. ha-W 
ving that Declination. | 
By this Propoſition alſo, having the Coms 
plements of the Latitude of any two Placey 
and thcir Difference of Longitude, whichis 
the Angle at P, you may find their Di: 
ſtance, which is the Side Z ©. | 
Likewiſc having the Complements of the 
Latitudes, or Declinations of. any two Stars;' 
and the Difference of their Longitudes or 
Right Aſcenſions for the Angle at P, you 
may find their Diſtance, which will be the 
Side Z ©; BG 
But in letting fall this Perpendicular, 
ſometimes it will fall without the. Triangle, 
as here it doth within the Triangle : In that 
Caſe the Side of the Triangle muſt be con- 
tinued, and ſo there will be two Right- 
angled Triangles, the one included within 
the other: | 7 
- As for inſtance, Fig. 8. If the Triangle 
ABD were given, to let fall a Perpendicy- 
lar from B, the Perpendicular 'B C falls 
without the Triangle, upon the Side AD Þ 
prolonged toC 3 and fo the two Right-angled þ 
Triavgles 


A 
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Triangles found hereby will be ACB and 


1 DCB: and fo you may by the former 


” 8 


8 SOR _Tx5ase 57 _. 


Propolitions find out the Side B D. 


Prop. 82. Caſe 20, 


wo Sides and the Angle included being known, 
to find either of the other. Angles. 


As in the Triangle ZP ©, Fig. 7. knows- 
ing ZP 38 deg. 30 min. and Pg 70d. om. 
and the Angle P 31 deg. 34 min. to find the 
\ngle af OO, | 

Firli let fall the Perpendicular Z R, or find 
he Arch B R, as in Caſe 19. Then, 

(r the Sine of © R, to the Sineof PR: 
0the Tang-of P,to the Tang.of ©, 30 d. 28' 


Prop. 83. Caſe 21. 


Wo Sides being given, and one of the Angles 


next to the Side unknown, to find that Side 
unknown, 


As in the Triangle Z P ©, Fig. 7. having 
heSide Z P 38 deg- 30 min. and Z © 40 &. 
dm. and the Angle at P31 4.34 m: to find 


» Wic Side P ©, 


Fit by the Baſe Z P, and the Angle P, 


I Wd the Side P R being, next to the {aid An- 


le, by the ſecond Cale, which will be 34 4. 


' M. 39 ſecs 


G Then 
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Phen, *.i'-? 
As the Co of P 7, zo the Coſc of PR: 
So the Coſ. of Z O, toths Caſe of © R,; 35 4. 
52 min. ZO ſee: 
which two parts of the Side added together, 


make the Side P © 70 deg. 
It the Perpendicular fall without the 


Triangle, the two parts ſhould be ſubtraQted 
from each other, 


Prop. 84+ Caſe 22. 


T wo Sides being given, and one of the Angle: 
aext the other Side, to find the Angle iu- 
cluded between the two Sides given. 


In the Triangle Z P ©, knowing Z P 384. 
30m.and Z©O 404.0 m. and the Angle P 
314. 34 m. tofind the Angle at Z. 

Firti find the Angle PZ R by rhe third 
Caſe, by the Baſe ZP and the Oblique An- 
gle P, which will be found to be 64g dep 
I9 Mitte [Then, 

As the Tangent of Z ©, 

Tothe Tangent of LP: _ | 
So the Cofine of P'ZR 64 d. 19 mm 
T9 the Cofineof © ZR 65 44 


Which added together make 6 Uh 30 03 
which is the whole Angle at Z, 


Pr OP 
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Prop. 85. Caſe 23. 


Two Angles and the Side between being groen, 
to find ether of the 8ther Sides. 


As in the Triangle ZP ©, having ZP 
28 dey. 30 min. P31 deg. 34 min. and Z 
130 deg- 3 min. to find the Side Z ©. | 

Firſt tind the Angle P Z R by the third 
Propoſition. 

Ar the Radius, tothe Coſ. of PZ: 
So Tang. ZP ©, r0Cn-tang. of P ZR 644.19 


: This taken out of the whole Ang. at Z 139 3 
There rejts the Angle © ZR 65 44 
Then, | | 


I. fs the Cofſineof © ZR, tothe Coſineof PTR: 
P Wl Sorbe Tang. of Þ Z, to Tang. of Z ©, 40d. 0 


d Prop. 85. Cale 24. 


i Two Angles and the Side between thers being 
4 given, to find the other Angle. 


As in the Triangle Z P ©, Fig. 7. having 
the Side Z P 38 deg. 30 min. and the Angles 
PO 31 deg. 34 min. and PZ © 130 deg- 
3 min. to find the Angle at ©. 

Firſt find the Angle PZ R 64 d. 19 m. as 
in the laſt, which taken out of the whole An- 
gle 130d. 3 m.relis 65 d. 44 m. for the An- 
gle © ZR, | 

"0 4 Then 


_ 


* I— - —_— 
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Then, | 
As the Sine of PZR, tothe Sineof © ZR: 
So the Coſ.of ZP ©, to the Coſ. of Z OP, 
30deg. 28 min. 


Prop. 87. Caſe 25; 


Two Angles being given, and one of the Side 
adjoyning to the Angle nnknown, to find thi 
Side between the two Angles given. 


As inthe TriangleZP ©, having the two 
Angles P 31 deg. 34 min. and © 30d. 28m, 
and the Side Z P38 d. 30m. to find the Side 
PO, | 
Firſt, by the Baſe PZ and the Angle P 
you may find the Side PR to be 34 4.7 m. 
30 ſee. by the ſecond Propolition of Right: 
angled Triangles. 

I. AsR, t0Coſ.P: - 

So Tang. PZ, to Tang. PR, 344.7 30" 
2. Asthe Tang. of ©, to the Tang. of P: 

So the Sine of PR 34d. 7 m. 30 ſec, 

To the Sineof © R 2x * 4s 30 


Which 2 parts of the 
Side make 


The whole Side P ©. 


70 OO ©0 


the « 
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Prop. 88. Calc 26. 


Two Angles being given, and one of the Sides 
next the Angle unknawn, to find the ſaid 
Angle. 


As in the Triangle ZP ©, having the An-= 
gleP 31d. 34 
28 m. and the Side ZP 38 d. 30 Me. NEXT tO 
the Angle, of Z which is yet unknown, to 
find this Angle, 

Firſt find the Angle P ZR, by the Baſe P 


Z, and the Angle P, as in the thixd Propo- 


ſition. 

As > to Cofe FaſeP Z: | 

$ Tang, P, toCotang. PZR, 644.19 m. 
Then hnd the other part of the Angle 


YOZR, and add them — thus. 


Ar the Coſ. of P, to the Coſ. of © : 


$o the Smeof PTR 64 d. 19 m. 
Tothe Sineof © ZR 65 44 
Which added make P 7 © 130 03 


Prop. 89. Cale 27. 


The three Sides being given, to find either of 


the Angler. 
In the Triangle P Z ©, Fig. 7. having P” 


the Complement of the Elevation of tl 


G 3 Po! 


m. and the Angle © 30d. 
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Pole 38 deg. 30 min. and P © the Diſtance 
of the Sun trom the Pole 70 deg. and Z © 
the Complement of the Height 40 deg. to 
find the Angle at P, which 1s the Suns Dj 
Rance from the Meridian > which rclolved 
into Time, is the Hour of the Day, 

Firſt, (et down the Side oppoled to. the 
Angle delired, then the other two Siges, then 
the Sum of the thxee Sides, then the , half 
Sum thereof + laſtly, the Difference between 
this half and the firſt Side. - So they will be 
placed ready for operation, according to this 
Proportion. 

1. As the Radius,tothe Sine of one of the Sides: 
So 4 the Sine of the other Side, to a fourt 
Sine. 

2. As that fourth Sine, 10 the Sine of balf itt 

' Sum of the Sides: | 

So 15 the Sine of the Difference hetween the 
half Sum and the Side oppaſed to the Ai- 
gle required, to a ſeventh Sine. 

Now if you add the Radius to this ſeventh 
Sine, and then take half the Sum thereof, 
you ſhall have the Sine of -an Arch, whole 
Complement being.doubled, will be the An: 
glc ache. - OF [- 


4 


"ES We, If you work by the 'Comple- 


ments Arithmetical of che two Sines of thi 
"*des comprehending the Angle, and 16 10 
af. of ſyptrafting therp,. ad8 che {a 

MEIN = 
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Sums together, the Work is far more ready ; ; 
as you may ſee the manner of work both 
ways in the following Example. | 
ZO 40 O 10,Radics. Compl. 9 
PZ 38 39 9.794149 0©,205850 
PO: 00 9.972986 0,027014 
Sum 148” 30 JQXY9.767135 Smer. 
3 Sum 74 15 9,783380 9,98338r 
if-Z© 34 15 5 750358 5 750358 


 $#b. the 4 Nam. 19,733738 Sum of theſe 4+ 


Reſt Ratl. added 19.966603 19.966603 


Half thereof | 9.993301 2 9,98330k 
Which is tþe Sine of 15 deg. 47 min. 13 ſtc+ 
and doubled makes. 31 deg. 34 min- 26 ſec. 
which is the Angle of the Suns Diſtance from 
the Meridian 3 which, converted into time, 
ſhews the Hour of the Day. 

By the ſame manner of werk you may tind 


the Angle at Z, which is the Suns Azimuth 


from the North part of the Meridian, 'to be 
130 deg. 3 min. 11 ſec. or'the Angle at © 
tobe 3o deg. 25 mine 11 ſec. 


Prop. 90. Cale 28. 
fy the three Angles, to find any of the three 
Sides. 


If inſtead of the greatelt Angle next. the 
Side inquired, you take its Complement to 
4 180 deg. 
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180 deg. theſe Angles will be turned into 
Sides, and the Sides into Angles 3. ſo the 
Work will be the ſame as in the former Pro- 
poſition. | 

As in the TriangleZ ? ©, knowing the An- 
gleZP© tobe31 deg. 34 min. 26ſec. PZ © 
130 deg. 3 min. 12 ſec. and ZOP 30 deg. 
28 min. 11 ſec. if it were required to tind the 
Side Z © oppoſite to the Angle Z P ©.' Take 


130 deg.3 min. 11 ſec. out of 180 deg. there 


remains 49 deg. 56 min. 49 ſec. 

Then as if you had a Triangle of thre 
known Sides, viz. one of . 31 deg. 34 min, 
26 ſec. another of zo deg. 28 min. 11 ſec. 
and: the third of 49 deg- 59 min. 49 ſec. and 
you would find the Angle oppotite to the 
firſt of theſe Sides 3 Set the Work as in the 
laſt Propoſition. 

| ad, mw. (ec. 


Augle oppoſite 31 34 26 Compl. Arith, 


Leſſer Angle 30 28 11 0,294929 
Compl. greater 49 56 49 C,1: 6084 
Sum of the 3. 111 59 26 Sines. 
Half Sum 55 59 43 9 918549 
Piff. from firſt 24 5 17 9.616417 
| 19945970 
The balf whereof being 9,972985 


3 the Coſine of 20 deg. which being doubled, 
gives the Side deſired to be 40 deg. OY 


And 
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. And fo you may find any of the other 
Sides. | | 

But when you - know .cither three Sides 
and one Angle, or three Angles and one. 
Side, you may find the other by their oppo- 
lite Proportion, as in the ſeventeenth and 
eighteenth Propoſitions. 
Theſe areall the uſual Caſes of Triangles. 
Mary Varicties might be added to each Caſe, 
and ſome Fundamental Axioms, which 
might more fully . demonſtrate theſe Pro- 
portions z but the _ being but ſmall, and 
intended more for PraRtice than Theory, I 
ſhall leave you for theſe things to other Au- 
thors. 


"PROPOSITIONS | 
IN 


ES +I 


| Hough have partly aobcd the "0 
amples of the Caſes 'of Spherical Il 
angles tothe Reſolution of Aftrenomical Pro: 
poſitions: yet it will not. be amiſs! co.apply 
them- to Aſtroypmy a...little more plain]y, 
and toadd ſome common and neceſſary Pror 
politions. 


ey 


Prop. 91. 
To find the Suns Declination at any time. 


x. 4s the Radius... or Sic of 90 deg. 

2+ To the Sine of the Diſtance, or Longitude 
of the Sun from the next EquinoGiul- 
point : 

3. $o#5 the Sine of the Suns greateſt Declina- 
tion. 

4-To:pbe;S3ne of. the Suns Declination 2 that 
Longitude. 

Now co make theſe Propoſitions a little 


the more prafical and comprehenſive, you 
may 


may take notice of this Rule of Mr. Ought- 
red s, how to bring any of theſe four parts of 
the Operation into the laft place; fo that 
it you know any three of the parts, | to:find 
out the other thereby, 

The Proportion holds thus between them, 
As firſt, to ſecond : So third, 20' fourth. © 
As third, to fourth : Sofinſt, to fecond. + 
As ſecond, to firſt : -So fourth, to third, "+ 
As fourth, to third: So ſecond; 10. firſty - - 

Thus, As by the Longitude and: greateſt 
Declination, or an Angle of the Ecliptick,you 
may know the preſent Declipation y fs 'by 
the preſent Declination, and the greateſt De- 
clination, you may know the Longitude. 


Prop. 92. | EL . 
To find the Suns Right Aſcenſion, or any 
of theſe. 
1. As the Radin, © © 


2. Tothe Sine of the Complement of the Suns 
_ © ,greatcfi Declination : KY 
3+ So the Tangent of the Longitude of the 
Sun from the wext EquinoGial-point,' | *© 
4+ To the Tangent of the Right Aſcenſion © 
the Sun from the ſame EquinattHal point» 


Prop. 


ASS es —— 
_ yy 


* avs Aftrenomical Propoſitions. 


Ye As the Sine Complement of the Poles 
Height, 

2. To the Sine Complement of the Suns great- 
eſt Declination : 

3. Fo the Sine of the Suns Longitude from 
the next Equinoial-point, 

4+ To the Sine of the Suns Amplitude : 


[1 Prop. 93- X 
l i: To find the Suns Aſcenfional Difference, op 
[ I any of theſe. | 
| | | ' 1+ As thy Radius, | I 
1 h 2+ Tothe Tangent of tbe Poles Height : 2 
| j 3- Sothe Tangens of the Suns Declination, 3 
Fi i 4+ To the Sine of the Suns Aſcenſional Diffe- I 4 
[Rl rence. | 
| l k Which added to, or ſubtracted from the 
1. 1Wit Hour of Six, ſhews the Suns Riſing and 
Jil Setting, c 
| Prop. 94s 
To find the Suns Amplitude, or any of : 
theſe. . 
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Prop. 95. 
To find the Suns Horary Diſtance from the 
Meridian when he is duc Eaft or Weſt, or 


any of theſe. 


1. As the Tangent of the Poles Height, 

2. Is to the Radius : 

3. So the Tangent of the Suns Declination, 

4. To the ine of tbe Suns Horary Diftance 
from the Meridian, being juft Eaſt or Weſt, 


Prop. 96. 
To find the Altitude of the Sun being juſt 
Eaſt or Weſt, or any of theſe. 


1. As the Sine of the Poles Height, 

2. Ito the Radius : 

3. $o the Sine of the Suns Declination, 

4. To the Sine of the Suns Hcight being juft 
Eaft or Welt. 


Prop. 97. 
To find the Suns Altitude at the Hour of Six. 


I. As tbe Radius. 
2+ To the Sine of tbe Poles Height : 

3. Sotbe Sine of the Suns Declination, 
4+ To the Sine of the Suns Height at the Hour 
of Six. : 
Prop. 


fs Fropofitrons. 


Prop. 98. 
To find the Sans Azimuth at the Hour of Six. || 7; 


| _ Tr. As the Radius, : 
; 5 11448 2. To the Cofine of the Poles Height : 
[Ii 3- So the Tangent of the Suns Declination, thi 
4. To the Tangent of the Sans Azimuth frow I pl 
the North part of the Meridian at the i na 


Hour of Six. Si 
an 
ProP. 99. 1 
To find the Suns Altitude at any time of the Iſl | 
| Day. 
i As the Radius, 2 


To the Cotangent of the Poles Height : 
$9 is- the Sine of the Suns Diſtance from thi 
Hour of Six, 
To the Tangent of an Arch. 
 ! which being ſubtracted our of the Sans Di- 
| i  Mfiancefromthe Pole, work again thus, 
| | NAP As the Cofine of the Arch fate, | 
' 1 "8 To the Coſine of the remaining Arch of the 
Suns Diſtance: from the Pole : 
_ Sort the Sineof the Poles Height, 
To the Sine of the Suns Altitude at the Howr 
noma 7 
| Props 


Prop. 100, + 


Bo find the Hour of the Day by the Height of 
the Stun. © 


Take the Complement of the Suns Heipht, 
the Complement of the Latitude of the 
i Place, and the Complement of the Decti- 
* | nation of the S#u, and add theſe three 
Sides together, as Caſe 27. of Spherical Tri 
angles, and find the Difference 'between 
their halt Sum and the Suns Altitude, Then 
work thus. | 
i. As the Radins, to the Cofine of the Latitude : 
So the Sine of the Suns Diſtance from the 
Pyle, to a fourth Sine. | 
2. As that fourth Sine, to the Sine of balf the 
&um: 
$o the Sine of the Difference, to a ſeventh 
Sine. 
Unto wbich if you add the Radius. balf that 
Sum will be the Sine of an Arch. whoſe Com- 
plement being doubled, will be the Diſtance of 
the Stun from the Meridian, which con- 
verted into Time, will fhew the Hour of the 
Day. | 
The Operation you may ſce in Caſe 27. of 
Spherical Triangle 
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Prop. tot. 
To find the Azimuth by the Suns Height. 


Take the Complement of the Suns De- 
clination, the Complement of the Lati- 


' tude, and the Complement of the Suns 


Height, and add theſe three Sides toge. 
ther, and find -their Difference between 
their halt Sum, and the Suns Diſtance from 
the Pole, as in Caſe 27. only put the Sung 
Diſtance from the Pole firſt, Then work 
thus.” 
1. As the Radims, to the Cofine of the Lati- 
tude ; 
So the Cofine of the Suns Height, to a fourth 
Szne. ; q 
2. As that fourth Sine, 10 the Sine of balf the 
Swm : 
So the Siue of the Difference, to a ſeventh 
Sine. 
Unto which if you add the Radius, half 
that Sum will be the Sine of an Arch, whoſe 


Complement being doubled, is the Azi- 
muth deſired. 


Prop. 


I. 


cat Aftr ononrical dr opoſttions, T07 


Pop». 102: | 

Having the Angle of the Azimuth, to frrid the 
Howr, or by the Honr to find the Azimuth 5 

. or any of theſe Terms. ROE 


CY 1: 4s the Sixe Complement of the Suns Decli- 
i nation, | | 

VY 2. To the Sine of the Suns Azimuth: 

7 3- $0 the Sine Complemens of the Suns Height, 
n 


4+ To the Sine of the Suns Horary Diſtance frop | | 
the Meridian« b99 if 
Prop. 193. at 


Having the Longitude and Latitude of atty $ tar, 
to find the Right Aſcenſion and Declination 
thereof. 


'Þ 1. 4s the Radius, | 
| To the Sineof Stars Loagitude from the next | 
EquinoGtial Point : 
So the Catengent of tbe Stars Latitnde, . 
To the Tangent of a fourth Arch. | 
Compare. this fourth Arch with the Arch 
of Diſtance between the Poles of the World 
and the Ecliptick, 23. deg. 30 min. z and if 
the Laticude-and Longitude of the Star be l 
both of one quality, thac is, when the Star | 
| 


hs —_——r—_— 


hath North Latitude in. the- ſx Northern 
H Signs, 


ro8: Aftronomicdl. Propoſitions. © 
Signs Y & L.9 SOM, or South Latitude 
in the fix Southern--Signs = m 7 vp = H, 
then'ſhall the Difference between: this fourth 
Arch; and the 'Diſtance of the Poles 23 deg, by 
| 30 min. be your fifth Arch. * Wies 


- But it che Longitude and Latitude of Ir 
the Scar” be of contrary qualities, -that-is; £Y'© 
one Northern and the other Southern, then by: 
add this fourth Arch to the Diſtance of the £' 
Poles' 23 deg. 30 min. and the Sum thereof IU" 
Hall. be'your fifth Arch wich which pro- ou 


ceeed. 


2, As the Sine of the fourth Arch, 
To-the-Sine of the fifth Arch : 
: Bo the Tangent of #be Stars Longitude, | — 
' To the Taugeut of the Stars Right Aſcen- 
fron from the next EquinoGiial Point. 


3+ As the Coſine of the fourth Arch, 
* *T9 the Cofine of the; fifth Arch : 
Fo the Sine of the Stars Latitude, 
. Toths Sine of the Stars Declinanione + 


Laſtly, for proof of your Work, 


4. Ar the Cofine of tbe Stars Latitude, 

To the Cofine of tbe Stars Right Aſcenſion : 

* $o'the Cofine of 'the Declination, | 
To the-Cofine of | the Longitude. 


E And 
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And thus having found the Right Aſcen- 
fion and Declination of any Star, you may 
by the foxmgs, Rules find acts Amplitude, 
its Difference 'of Aſtenſfon 4 tits Diltance 
from the Meridian , at. any Height obſcr- 
ved, and fo the Hour of the Night there- 
by, having firſt che time-of its comi 
« to the South, by ſubnacting ics Right A 
Fccnfion. from the Right Aſcenſion of the 


Sun; 


Po on ND» 


F PROPOSITIONS 
| IN 


GEOGRAPHY, 


Prop. 104. 
To find the Diſtance of auy two Places which 


differ only in Latitude, being both upon iht 
ſame Meridian. » 


xt. If the two Places are upon the (ame 
ſide of the EquinoGtial : Subtradt the leſſer a 
Latitude out of the greater, #he Remainer ii 
the Diſtance required. 

2. If the one Place be on the one fide off 7 
the EquinoGtial, and the other on the other: 5 
Add the two Latitudes together, aud the Sumii T 
the Diſtance required. 


Prop. 105. Pp 


To know the Diſtance of any two Places whit 
differ only in Longitude. 


1. If the Places arc both of them under thi 
EquinoQial z $«btrad the lefſer Longitude ow 


of the greater, the Remainer u the Diſtance. , 
2» 


- 
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2. If the two Places have the ſame Lati- 

tude, and fo under the ſame Parallel then, * | 

As the Radius, 

Ta the Coſine of their Latitude: 

$o = Sine of half their Difference of Longi- 

#1 

To the Sine of balf their Diſtance. 


Prop. 106. 


To find the Diftance of two Places which differ 
both in Longitude and Latitude. 


This Propoſition hath three Caſes, 


The Firft Caſe. 
When one Place is under the EquinoRial, 
and the other toward cither of the Poles, 
Then, 
As the Radins, 
Tothe Cofine of vheir Difference of Longitude; 
So the Cofige of their Latitude, 
Ts the Cofine of their Diſtance, 


The Second Caſe. 


When both Places are towards one of the 
Poles, Fhrſt, 
As the Radius, 
To the Cofine of their Difference of Longitude : 
So the Cotangent of the leſſer Latitude, 


i - Jo the Tangent of a foarth Arch. 


H 3 which 


which being ſubtracted our of the Comple. 


.To the Coſine of the fifth. Arch: 


* Longitude and' Latitude; or theis, 
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ment of 'the greater Latitude, the Remaing 
maſt be your fifth Arch, Then, + 
As the Copne of the Gaeeb Arch, 


$9 the Sine of thr leſſer Lotende. 7 I 


. Tothe Cofine of the Diſtance required, 


The. Third Caſe. 7 


When one Place is toward the North'Pol; 
and the other toward the South Pole.” Fir iſ Þ 


As the. Radius, LF 
To the Cofine of their Difference of Longitude: 0 
So the Cotangent\of, one:of the Latitudes, n 
\Tothe Tangent of a fourth Arch. | G 


which. being ſubtraQcd, out of the other. Li * 


titude, Hovikg 90 deg. added to It, the Rel 6 


mainer is the ftth Arch, Then,, ©. | 4 
Ay the Cofine of the fourth Arch,  ..*._ 

To the Cofine of the fifth, aArch's .. wy 7: t 
So the Sine of the Latitude firſt 4ahken, i 
To the Eofine of their 1 iftanct. Els | < 


' By theſe Ruks 1alſo.you';may find the Di 


Rance of any two Stars, jf -yau 1kgow their 
x ight Al- 


cenfion and Declination, which, is of ,go0X 
uſe:in- :. EE A nt 6 


_ 


_—— A £@ woo as oo * 


of a Great Circle. 


je SITE 5 0 jy 
NAVIGATION. 


N Avigation may very well dai place after 
theſe Mathematical Arts: for though it 
.be but. a. Mechanical 'Art,, and commonly 


] praiſed and ,profcfled by rude and uriskJl- 


tul mens, yet perteq:/.aud. ingenious tSea- 
men had need have good. skil-in all the for- 
Arts :, and the more $kilful therein thei bet-: 
ter : Nayigation being capable of, - andin 
ſome ſort neceſſarily requiring: good 5kill-in 
Arithmetick,, Geometry; and Aftronemy.'' 

Navigatiou' is commonly diſtinguiſhed 1in- 
to three forts, Plain Sailing, Mercator's:Way, 
and Circular Sailing, .or Sailing by the Axch 


. Plain Sailing, or Sailing by the Plain Chart, 


4s; the plainelt, and. the, Foundation of all 
the,rgſt.3, and, near the .Equino@ial. there is 


need of ap other to be; uſed, becauſe there 
the Degrees of Longitude, , as well as the;:De- 


grees of Latitude, are all. cqual ; each; De- 
gree being divided into 60 Minutes-or Miles, 
though they are ſomwhat more than Exglif 


H 4 Mycs, 


Plain Sailing. 
Miles, each Minute or Mile containing about 
6000 Feet. 

In this Art the Scaman hath theſe helps, 

Fi;ſt, He hath his Compaſs to direct him 
which way hegoes3 which is divided rſt into 
foux Cardinal Points or Quarters, Eaſt, Weſt, 
North, South, and cach of theſe Quarters 
aredivided into cight equal parts, commonly 
called Rumbs, making in all 32 Points. $0 
that" ſteering by the Compaſs well, madeand 
duly re&ified, the Sea-man always knows 
which way he Gails, to a very (mall matter. 

\ Theſecond help the Sca-man hath in keep- 
Ing his Account,” is a carefu] Obſervation (by 
the Log-line, or 'fome other good way | how 
many Miles or Leagues he fails every Hour, 


and fo every Watch, and every Day. 


The third help is'the. knowledg and obſer- 
vation of the Latitude, both of the Place 
from whence he fails, and where he is arri 
ved, or whitherhe is/to fail. 

And out of thele three things, by the Do- 
Arineof Plain Friangles, hecomes to know 
all that is neceſſary "A the keeping of his 
Account : So that he 'may know atany time 
where he is, how far he hath ſailed, and 
how far he is yet to fail, and which' way, Or 
upon what Point of the Compaſs he is to 
Reerz and all this by theſe few plain Rules 
W Righe-lined FR; Chai Triangles. L 

ro. 
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Plaini' Sailing. It5 
Prop. IO7. 

By the Rumb, and the Diftance ſailed thereon, 

to find the Difference of Latitude. 


Example. In the firſt Figure of Plain.Tri- 


angles, Let CA by the Meridian Lins, C B 


the Rumb-line failed upon , being South- 
Weſterly or North-Eaſterly from the Mert- 
dian 53 deg. $ min. and let the Diliance failed 
thcreon be C A 350 Miles ; The Queſtion is 
to find the Difterence - of Latitude, which 
Is _- length of the Line C A in this Triangle 
ABC, {7 063 
Here working by the Rule of the Propor- 
tion which is between oppoſite Sides and 
Angles, | | td 
As the Angle A, which is g0 d. or Radius, 
To the oppoſite Side C B, or Diſtance ſailed 
350 Miles : 
So the : Angle B ( being the Coline ef the 
Rumb or Angle C ) Sine B 36 4, 52 m, 


To the Side oppoſite therewnto, which # C A 


210 Miles. 


which divided by 60, yields 3 dege 39 mins 


tor the Difference of Latitude, 


Pcop. 


ITS Plain” Sailing. 


Prop.. 108. 


By the Rumb and Diſtance to find the Depar- 
ture from the Meridian 3 that. is, by the 
ſame things given as before, to find the Lin 
A B #4 the Triangle'A K C, Fig. 1. 


As the Radius or Anple at A, 90 degs:. 

To tbe oppoſite Side CB 3 50 Miles: | 
So the Sine of the Angle at C, ys he Rund 
+ 53 deg. $ mite. 

To'the Line AB '280 Miles. 

-which - divided by-60, yields we, 40 min, 
for the Difference ot Longitude. 

By theſe two Propolitions you-may keep 

an: Account 'of [your way, how, much you 
ſail Eaſt or weſt, 'Nunth-« or South, EV 


= > 
% e 


Prop. rog. 


-By the Rumb ant vhe Difference « Lotinde 
#0 fled the Diſtoice ſoiled. 12 da 


In the firſt Figure, let C be. che dd of 
the Rumb, CA the Difference 'of Laticude, 
to know the Diſtetce.failed thereby. 5; . 
As the Angle B, which is the Coſine of the Rumb, 
To the Difference of Latituds C A; 

So the Angle A go deg. or Radius, 
Tothe Diſtance ſailed C B, ” 

y 


| 
| 
| 
| 
{ 
| 


PRE 
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By this Propoſition you may help-;your 
ſelf, when your Latitude by Obſeryation'duth 


not agree with your Dead Reckoning kept by 


the two former Propoſitions: For if your 
Latitude be found to be mor.' or leſs than you 
reckon upon, you may be ſure youthave either 
made more or leſs way 'upon yoar Rumb, or 
elſe that. you have not ftieered exactly-upon 
that Rumb ; But the other is molt likely, 
eſpecially if you (ail within four or hve Points 
of the Meridian. And ſo, according to this 
Rule, you muſt make: your way iatled:agree 
with,your Obſcrved /Latitude, and fo: cored 
your Account or Dead Reckoning, 


- 


Prop.. 110. 


By the Difference of Latitude, and Differonie 
of Longitude of two Places, to find the 
Rumb leading from one Place to the other, 


In the firſt Figure, Let the twb.Placesbe 
Cand B, let CA be the Difference of ;Lati- 


tude '2 io Miles.or Minates, and AB the 


Difference of Longitude: 880 Miles:ex +Mi- 
tutes3 : to findthe;Rumb or AngleatA, © 

As the Difſerexce of Latitude CA 210, | 

To the Difference of Longitude AB 280; 

$9 the Radius, 

Tothe Tangent of .the Rumb 53. 8. | 

which is four Rumbs 3 quarters fere from the 
Meridian 


118 _ Plan Sailing. 
S. W. by W. 

Theſe arethe moſt common and neceſſary 
Rules in Plain Sailing, which is only to be 
uſed in ſmall Diſtances, near the EquinoRtial, 
where the Degrees of Longitude are juſt equi 
/ fo the Degrees of Latitude, viz each of them 
60 Miles or Minutes. Butif you are far di. 
ſtant from the EquinoGial, there though theſe 
Rules hold good to tind the Difference of Lz: 
titude and Dittance by'the Rumb, yet they 
fail much in the Longitude 3 and therefore to 
find the Difference of Longitade, you muſt 
uſe the follywing Propolition, 


Prop. 111 
To know how many Miles or Minutes of th: 
EquinoGial make a Degree of Longitude in 
any Latitude. ; | 


As the Radius, or whole Sine of 90 deg. 
To 60 Miles : 
So tbe Cofine of the Latitude, 
To the Miles contained in one Degree of Lox- 
gitude, in that Latitude. | 
Thus in the Latitude of 60 deg. 30 Milg 
make a Degree. 
As Sine 90 deg. to 60 miles: 
10000 
So Coſ. 60 deg. to 30 miles. 


5000 
| Thecſk 


Meridian Sonth-weſterly ; that is, almoſt 
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Plain Sailing. 
Theſe things may be done very well by the 
ry Table of Natural Sines in the Sea-many Ka- 
be Bf /endar. 
Thus if in the former Example your De- 
parture from the Meridian was 280 Miles; 


- this divided by 60, and fo reduced into De- 
1;. © grees and Minutes of Longitude, under the 
& | Equinottial it yields 4 deg. 40 mix. But if 
4. © this 280 Miles of Eaſt or Weſt, or Departure 


e from the' Meridian, ſhould be in the Latitude 
of 60 deg. where 3o Miles make a Degree of 
it © Longitude, divide this 280 Miles by 30, fo 
it yields 9 deg. $3, or 3, which is 20 min. for 
the Difference of Longitude in that Latitude. 
But this being ſo neceſſary a Concluſion in 
be © Navigation, take it inanother Form and Ex+ 
in ample, which will fully explain it, and yield 
a more ready way for your Calculation of the 
Longitude in any Latitude. 


Prop. 112+ ! 
i By the Miles cf Eaſting or Weſting (that is, 
' your Departure from the Meridian) to find 
Sl - the Degrees and Minutes of Longitude an- 
ſwerable tbercunto in any Latitnde. 


As the Cofine of the Latitude (in a parallel 
Courſe, or of the middle Latitude in any 


other Courſe which hath Difference of 
Latitude,) Z 
5 


od® 


I19' 


120- Plain. Sailing. 
Ts to the Radius,or Sine of 90 deg. '\ Wd 
Sothe Miles of Departure from the Meridiat, WY 
To the Minutes of Longitude in that Latitude. W 
Example. In the Yriaugle C B A, Fig- t. 
Let C be the one Place, B the other : Suppole 
Cco be in the Latitude of 50 deg, Bin the 
Laticude of 46 deg. 30-min. In {ailing between 
theſe ewo Places upon the Rumb-line C B, 1 
find, the Departare from the Meridian of Cto 
be 282 Miles. The Queſtion is to! know the 
Diftexence of Longitude . between thefe two 
Places, = 
To reſolve this, you muſt neither reckon 
theſe Miles of Departure, 280, in the Lati- 
tude of C, that is, 5o deg. nor in the Lati- | 
tude of B, that is, 46 deg- 30 min. but in the 
middlc Latitude between the two Places, that 0 
is, in the' Latitude of 48 4. 15 ms. and work BM 
enus. | 


As Coſ. 48 d. 15. Compl. Arith. 0.176603 I 


To the Radiis © 10,000000 
Sa 280 Miles of Departure 2447158 
To 420 + min. of Longitude xX2,623761 
Fhis yields 420 min. + of Longitude,which Þ| * 
divided by 60, yields 7 d. om. + for the Dit- 
ference of Longitude of theſe two Places. 
And thus by the Difference of Latitude 
and Departure from the Meridian, you may 


Keep a true Account by Longitude and Lati- 
tude; 


ude, and- prick it down upon the Globe,' or 
ny true. Map, according to Mereator's Pxo- 
eRion, if -you reckon--it thus in fhort Di- 
nces, as Seamen uſe to do from Noon to. 
00N | | 
You may work this alſo by Natural Sines. 
; Cof. 4.8 deg. 15 min. t0 Rad. | 
6659 I9000 
$0 260 miles, 10 430 7 Min. | 
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f=: it will be neceffary to have a Table of 

Meridional Parts, which I have drawn 
out of Mr. Wright's Tables, 'to cvery tenth 
Minute of Laticude, accounting it in fingle 
Miles or Minutes of the EquinoGtial, the bet- 
ter to avoid FraGtions, as he and Mr.Norwood 
have defigned it. 
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Table of Meridional Miles, © 
The Minutes of each Degree. 


"o l1o|20|30| 4015 
The Meridional Miles. 
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142 
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90 
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240 
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370 
431 
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441 
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662 


339] 
399 
45! 
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73 


340 
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451 
521 
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674 
735] 
797 
852 


623 
634 


745 
807 


$69]; 


633 


694 
T55 
817 
$7: 


643 
704 
766 
$27 
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919 


93.3 
1045 
1108 


[172 


931 
993 
1-56 
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1182 
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941 


1024] 


1066 
I129 


1192 


1235 
I299 
1364 
1429 
1499 


1346 
1310 
1375 


1440 
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I451 
IF16 


I3257 
I'J21 
1386 


1462 
1527] 15 
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1561 


1629 
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1762 
1820 
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1638 
1705 
1773 
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1649 
1717 
1785 
185? 
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1661 
1728 
1796 
1865 
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þ _ - The Minutes of each Degree. 

&' 0.110 | 20 | 30 | 40 | 50 
Rh | o———rr——_—_——_— 

: The Meridional Miles. 

zo 1388] 1899 1911! } 1923 1934 1946 12: 
;t | 1958] 1969] 1981} 1993] 2004| 2016] 13 
2 | 2028] 2040] 205: 206 3] 2075] 2087] 12 
33 | :099] 2111] 2123] 2135; 2147] 2159] 1z 
14 | 2194] 21334-2195] 2207 2219] 2231] 13 
} 2244] 2x56] 2265| 2:81] 229z3| 2305] 13 
z6 | 2313] 2330] 2342] 2355] 2367] 2380] 12 
37 | 239> 1% 2417] 2430] 2443| 2455] 12 
38 | 2468] 2481] 2493] 2506] 2519] 2532] 13 
9 | 2544 2557] 2570} 2583] 2596] 2 2609| 13 
40 | 2622| 2635| 2648 2662] 2675 2688 | 13 
4l | 2701| 2714] 37:8| 2741] 2754 2763 13 
qt | 2781] 2795] 203] 28z2|. 2835] 2849] 13 
43 | 2863] 2876] 2890| 2904| 2918 293% 14 
44 | 2945] 2959] 2973] 2987] 3col zoi5| 14 
45 3230] 3044| 3050] 3c72: | 3086 ztor| 

46 | 3115] 3130|'3144| 3159| 3173] 3188 

47 | 3202] 3217] 3232] 3247| 3261] 32376 

45 | 3291] 3306] 3321] 3336] 3351] 3366 

49 j 3382] 3397] 3412] 3428] 34431 3459 
j0 } 3474] 349-1] 3595] 39521 | 3521] 3537 3553 

fl | 3568| 3584| 3650] 3616] 3632] 3649 

ja | 3665] 3688] 3697] 3714] 3730| 3747 

ſ3 | 3763] 3780] 3797] 3814| 3830| 3847 

14 | 3864] 3881] 3599] 3616] 3933] 3950] 

55 | 396»| 3985| 4993] 4920| 4938) 4056 

56 | 4974] 4092] 41109]. 4138] 4146] 4164 

57 | 4182] 4201] 4219] 4235| 4257| 4275 

ſs | 4294| 4313] 433'| 4351] 4379] 4390 

(9 | 4429] 4428] 4448] 4488] 4487) 4507 
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bh The Minwies of e each Degree, _ 

=, "© | 10| 20 | 30 | 40 | 50 
© The Meridionsl Miles. 

60- | 4527) 45471 4567] 4588| 4608| 4629 
61 | 4643| 4670| 4691] 4711] 4733] 4754 
*2 | 4775] 4796] 4918] 4839] 4861] 4853 
*3 | 4905] 49274 4949] 4972] 4994] 5017 
64 | 5039] 5062} 5osg giob| «1320 S155 

65 | $379] Faogy yoonr ger 5275] $299] 34 
j'6 | $324] $348] $373] $390] $4323] 5449] 35 
167 | $474| $599] 5532] 555] $6978] 5404] 26 
68 | 5631] 5658] 5685] 5712] 5739] $767 21 
69 | 5795] 5823] cozr] <R79] Foc} 59371 26 
70 | 5966| 5996} 6125} 60955 6085] 6115] 36 6\15| } 
J7t | 6146] 6197] 6208] 6239] 6271] 6303| 3] 
7y | 6335] 6368| 6401] 6434 ls 3 
[73 | 6535| 6570] 6605| 6640] 6675] 6718| 3 
74 | 6747] 6783] 6820] 6857} 6895] 6933) 3 
75 | 6972| 7010| 7o0go| 789] 7139] 7170| 4 
76 | 7211] 7253| 7395] 7338] 7381] 7424| 43 
177 | 7469] 7513] 7559] 7605] 7651] 7698] 46 
173 | 7746] 7795| 7844| 7594| 7944| 7996| 50 
179 $048| 8100 $154] $329] $204 832 F 
|!o 8377] $435] 38495] 8555] 8616; 3678] 6 
j31 $742] $806] 8872] 8939 9007, 9077] .68 
> | 9148] 9221} 9295] 9371] 9449| 9528] 77 
[3 9609] 9692] 9778 — 9954|10046| 88 
[4 10141|10238 10338[10441 10547]! 656]to5 
45-110770]10887|11007[11133|11:63{ 11398148] 
{55 t1539|[11686[11853949I11999|Ll2165[12:44[165 
87 112521 13706112927 I3150jl3388]13644[230 
88 | 13920[14221]Iq455o[14914|i5321|15783]386 
89 16318|1695c 17726 i$729 2015:|22623 
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© Sailing by Mercator's Chart, ta ; 
The Uſe of this Table 3s after this 


HMANNEY. 


Prop. 113. 
Knowing the Latitudes of any two Places, 'to 
find the Meridional Miles or Minutes be+ 
tween them. | 


This Propoſition hath three Caſes. 
Firſi, #hen one Place 4 under the Equi- 


'woltial, and the other towards one of the 


Piles; Then the Mcridional Minutes an- 
{[werable to that Place which hath Lati- 
tude, is to be reckuned for the Meridional 
Difference of Latitude, or the Latitude m- 
larged. | 

Secondly. Fhen both Places are towards 


Wl ene 'of the Poles, | Then ſubtract the: Meri- 


dional Minutes in{wering to the lefler Lati- 
titude, out of the Meridional Minutes bc- 
longing to the greater Latitude, the Remai- 
ner . will be the Mecridional Minutcs res 
quired. | | 
Thirdly, If one Place bave North Lati- 
tnde, and the other South > Add the Meridi- 
onal Minutes belonging to each Place toge- 
ther, and the Sum thercof is the Meridional 

nates required, | 
I 2 Having 


126 Sailing by Mercator's Chart. 


Having thus found out theſe Meridiondl 
Minutes for any two Places, you may thus 
make uſe of them. 


Prop. 114» 


By the Longitude and Latitude of two Plaet, 
to find the Rumb from be one 10 the other. 


Firſt find the Meridional Minutes between 

the two Latitudes 3 then, 
As the Meridional Minutes contained betwen 
the two Places, 

To their true difference of Longitude in Mb 
autes': 

So ## the Radius, 

To the Tangent of the Rumb leading from th 
one Place to the other. 


Prop. 115. 
By the Difference of Latitude, and the _ 


you have ſailed wpon, #0 find the Difference 
of Longinede. 


Firſt find the Meridional Minutes belong- 
Ing to the Difference of Latitude 3 then, 
As the Radius, 

To the Tangent of the Rumb : 
So the Meridional Minntes of Latitude, 
To the true Minutes of Longitude, which you 


may divide by 60, and ſo turn into Degrees. 
Theſe 


_ Sailing by Mercator's Chart. 129 


Theſe are the two chief Propoſitions | 
wherein this Table is uſeful, piz. To find 
the true Rumb and Diſtance between any 
two Places, which in ſmall Diſtances may be 
performed by the Rules of Plain Sailing, as 
before ſhewed 3 eſpecially if you make uſe 
ff Prop. 112. for the finding of the Longi- 

de, which is Comwhat more readily per- 
formed thereby, in cafting up your Dead 
Reckoning every day or two. Indeed this 
Table is only neceſſary to find the Rumb and 
Diſtance and Longitnde of Places far di- 
fant 3 but the 107, 103, and 10g. Propoli- 
tions, which muſt be uſed in this manner of 
dling, and alſo are the moſt neceſſary for 
the keeping of an Account, muſt always be 
Wrought by the true Difference of Latitude, 

and not by the Meridional Table. 
If 1 might. make many various Queſtions 
dExamples out of theſe Rules 3 but theſe 
ac as many as are of neceſſary and ordi- 
nay uſe, and by which all others -may be 
verformed. | 
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Of Cirgular Sailing, or Sailing by thlfl w: 
Arch of a Great Circle, - of 


His though in ſorne ſenſe it is the motif n 

exact way of Sailing, ſhewing the near-li} (h; 
eſt way and diſtance between any two Places;lff Se, 
yet it is yery difficult, and withal of litth 
uſe. For Seamen do [c)dom keep their Courl 
near this Arch, but are either drawn. afid 
from it by ſome conveniepces of Winds an 
Streams, as in ſailing to the //t-Tndjes, th 
hale away more to the Southward; or cle they 
are forced from this Courſe by croſs Winds 
or intergolition of ſome _ Head-lands 0 
Iſlands : So that their beſt way. 15: to keep 
theis, Account by the former Rulcs. Only .. 
having {kill herein, they may ſee that itis 
many times the nearer way to leave the 
Rumb, and to ſail more Northerly, as it 
failing home from the Weſt Indies z whic 
makes thoſe that keep not a true Account 
by the former Rules, but reckon altogethe 
by the Plain Chart, to be at the Lands-end 
many Leagues before their Account. Allo 
in a Parallcl Courſe, as from the Land; 
Wd to New-fopnd-land, you may (ce hon 
you may adyantage your fclves by railing 
E-> Qui 


Of Cirtular Sailing. I'25 
and deprefling the Pole 10 or 12 Degrees, 
which will be a great help for the keep- 
ing your Account, . and yct go a nearer 
way than if yoa ſhould fail on the Parallel 
of Eaſt.and Weſt, 3 A FELT 

Bute becauſe this may be more -readily 
and plainly performed by Geometry, I 


-ar-M ſhall refer you for this to my Geometrical 
&5; Seaman, being latcly inlarged, and made 


mdxe praRtical, for the ready keeping of 
of your Account by Latitude and Longitude, 
0el by new Tables for that purpole, 


OF 


MEASURING 


AND 


SURVEYING. 


Prop. 116. 
To meaſure a Board being a loug Square. 


\ Firſt meaſure the breadth of the Board in 
Inches. Then, 


As 12 Inches or one Foot in breadth, 

To 12 Inches or one Foot in length : 

So whe Inches of the breadth, 

Jo the Taches of the length for one Foot. 

Work by the backward Rule. 

As 12, to12: $06, to 24. 

Or elſe divide 144, the laches in a Foot 
of Board, by the Inches of the breadth of 
the Board. 
$0.144 divided by & Inches, fhews 18 Inches 

make a Foot. 


And 144. divided by 9 yields 16 Inches in a 
Foot. 
And 


JF Meaſuring, Ov. 13.T- 
And 1 44. divided by 18 yields $ Inches in a 

Foot, 

So by opening the: Compaſſes to this di- 
ſance, and turning them all along to the. 
end of the Board, you may know how many 
Feet it is in length. 


F 


Another way. 


L Let your Ruler be divided into Feet, and 
Dcecimals- of Feet inſtead of Inches; and- 
meaſure the length and breadth of the Board: 
therewith, and multiply the one by th 
other, Noh 
Example. A Board is 1 Foot 17 parts 
n Nl broad, and 16 Foot 32 parts long, it contains 
19 Frot and a tenth part of a Foot almoſt, vie 


19, 0944s 


Prop. 117. 


In Tiling Workmen reckon by the Square, 
_ 1s 10 Foot every way, containing 100 
f cect, 004, 7 OO 
f | There is a Roof 16 Foot 25 parts broad, bqw: 
much thereof makes a Square ? en 
7 Divide 10@ by 16. 25,” the Product willy 
be6. 154 that is, 6 Feet 154 parts. | 


Prop. 


37% "Of Medſuring | 


Prop. 118. 


A Bays hath the breadth of the Roof 15 Foot 
25 parts, \and the length of the Barn is 
47. Foot, How many Squares of Tiling hath 
7t ? Zh 


Double the length (that you may count 
both Sides of the Roof ) it makcs 94 Feet; 
which multiplied by 16.25, yields 1527 53 
which divided by 100, yicld 15 SquarG 27 
Feet and an half over, which 1s a little 
above a quarter of a Squatc, 


Prop. 119. 


| In Paving men reckon by the Yard Squarez 
ſo each Yard hath 9 ſquare Feet, 


A certain Court or Tard bath 17 Feet 35, parts 
-## breadth,,,aud 30 Foot 5 parts 4n length; 
How many 5.quare Yards doth it contain ? 


| 6-4 


ultiply 17. 35 by 30. 5, the Produdt will 
pin lg Rand a by 9, the Quo- 


tient will be 58.797,  (omewhat above 58 
Fards/3 quarters. ** ** SER 


k 390 4 
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Prop. 


. and Surveying. 


Prop. 120, 


4 In meaſuring of Land, a Perch or Poleis 
f 16 Feet and an half, and four Poles in breadth: 
) __ 40.in lepgth wake an Acre fo that an 
Acre is 160 Poles. 
| Now to meaſure a ſquare picce of Land, 
t multiply one of the . Sides by the other Side 
» | joyningro ut, and divide the ſum by 160. 
: A picte of Lavd being 40 Poles one way, and 
7 . 20 Poles another waytbeſe multiplied make 
2 $00 Poles, which divided by 160, 'ſhews 
5 Acres forthe Content. Or «fe, 
As 160,-to the one Side 40 Poles : 
So the 'otber +Side 20 Poles, * to'the Content in 
Acres; 5 Acres. p 


Prop. 121. 
, | To meaſure a Triangular piece of Laid. 
| Meaſure the longeſt. Sid6 of the Triangle z 


and the Perpendicular from the Angle oppo - 

ſed to that long Side, and then multiply the 

: half of the one by the whble of the other, 
. and divide by 160. | 

Let the Sitle be 60, the Ferpendienley 40 3 

60 multiplied by 20, or 40 by 30, makes 1200, "1 

which divided by 160, yields 7 Acres and an i | 

, balf for the Contents. ph SW! | 

r- 


134: Of Meaſuring - 
Or elſe you may multiply the Sjde 60 and 

the Perpendicular 49 together, they make 

24003 and divide it by 320 (whoſe Log, 

is 2-505150) which is the double of one 

Acre, it yields the ſame Content. 

As 320, #060; $040, to 7, 50, 


Prop. 122. | 
To meaſure a Trapezia, or a double Triangle. 


Malciply both the Perpendiculars by half 
the Diagonal Line, which is the common 
| Baſe of both the Triangles, and divide by 160. 
Thu let the Diagonal-line be 40, one of the 
Perpendiculars 15, the other 83 theſe two added 
together-make 23, which multiplied by half the 
Diagonal-line 20, make 460 which divided 
by 169, makes 2 Acres, 3 Rods 20 Poles. 
| Sf Or elſe, | 
\ | 1800 As 320, to the Sum of the two Perpendicu- 
{1B lars 23: 
i | So the length of the Diagonal-line: 40, to the 


Content. 


Wt}! Prop. 123. | 
(i I I! To meaſure a Circular piece of Lay 
| Multiply half the Diamcter by, half thc 


vt Circumference, and divide the Product by 
meth I 60, 


So 


id 


&c 
'# 
IC 


and Sroezing. 133 

So the- Diameter of the Circle being 140 
Poles, and the Circumference 440 Poles ; the 
half of theſe two, being 220 and 70, multi- 
plied together, produce 15400 Poles, mhich 
divided by 160, yield 96 Acres and a quarter. 

Orelſe, multiply the Diameter being 140 
in it ſelf, it makes 19600; which divided 
by 203- 7 (whoſe Logarithm is 2,308951) 
makes 96 Acres 22 Parts. 


The Log. of 140 .2,146128 
Doubled makes | 45292256 
S$zbſtr. 203. 7, Log. 2,30899t 
Reft Log. 96: 22+ 1.983265 
Prop. I24» | 


To meaſure an Oval piece of Ground. 


Let the Oval be 3o Poles one way, and 
40 Poles the other, What is the Content ? 

Multiply the length 4o by the breadth Zo, 
it makes 12003 which divide by 203 &, 
it yields 5 Acres, 3 Roods, 23 Perches. 


Prop. 125. 


By this Number 203 A you may alſo 
find the Acres contained in any half Circle, 
or quarter,. or ſixth part, or any ſuch Section 
of a Circle, multiplying the — 
0 y 


Jr Meaſuring ", 
the Compaſs-line, and dividivg by 203": 4 
whole Log. is 2. 30899 t. 


- 


Prop. 126. 
To meaſure Brick-works 


18  Brick-work is aſually meaſured by the. 
it. | Rod or Pole, cach Rod containing 16 Foot WR 
| and an half; and a Brick-wall of one Brick / 
; © and an half thick' beihg one Rod ſquare, is 
accotinted for a Rod of Brick-work 3 and Nb 
4500 Bricks will SE ſuch | a Rod of 
Work. i 
Now theſe Walls or Sides of | Houſes {|} 
.muft be firſt mcaſurcd according to their I \ 
form in length and breadth, according to t 
Art, .thercby to find out how many Rods | - 
0181 they contain; and becauſe a Rod 1s ſuch a 
WAL long meaſurc, it will do beſt, as in meaſuring }f : 
I of Land, to divide the Rod into 10 parts, 
and > each of them into 10 lciler parts, 
raking in all 100 patts, or 1000 it you will; || « 
and thus mcaſuring the length and breadth 
(or rather the height) of avy Wall, and mul- ||: 
tiplying thcm together, you hall have the 
Content in Rods, and too or 1000 parts of || 
a Rod. | | 
Example. 
Let a Wall about an Orchard of Garden be 
60 Rods in length, and half a Rod high, 
that 


Pi h ; - 


cd that-is 5O parts of the 
Rods doth 1t contain 2 


Rod bigh, How- many 


The leugth, Rods 60 . 00 
Muliiplied by the breadth, Rds Go 52 

C | Tields Rods + WER 39 ©g9 
he fl Again, The Wall of an Houſe being three 
of Bl Rods high, - EC er O03 ©0 
> 41d 12 Rods in compaſy, 12. ©0 
id I Multiplied makes Rods 36 oo 


of | But now all Walls arenot of this thickneſs; 
© ome are two Bricks, ſome three : To reduce 

es £ Rods of ſuch thickneſs to Rods of ordinary 

ir Y Work of one Brick and an balf thick, work 

to Il thus. 

ds fl As the thickneſs of au ordinary Rod of Work, 

a | reckoned in balf Bricks, which is | 

g || Jo thethickneſs of any otber Wall in balf 

Bricks 3 Viz. ewo Bricks and an half, 5 

s | which makes 5, or any other thickneſs, 

'; | So the number of Rods' of the Content . 

h found by meaſure, 4 

| | Jo the Kods which it will yield of ordina 

c Work of a Brick and an half thick. 

xf | Or tor your more plain and ready uſe take 

this Table, 
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thickneſs to the Content of Ordinary 
Work, which is a Brick and an hal 
thick. 


© The thickneſs of th the Wall, Fricky. | 
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Prop« 127. | 7 | 
To meaſure a piece of Timber exaGly:ſquars;\. 


The uſual way is to have a Line upon! their 
Rulet, to ſhew how many Inches make a 
Foot for any Square. But it is as good a 
way, or better (eſpecially if you caſt ic up 
with your Pen). to know how: much one 
Foot length of any oo will vield in pro« : 
pertion to a Foot of Timber, which is to, 
contain 1728 Cubick Inches 3 which you: 
may do by this Rule. »i1T od 


1 MF the Square of 12 Inches, which is 144. 


w every Foot length yield one Foot L431 
| Timber, or bogs. FOI CXHL0E 
het ſhall any other Square, as the” . 46 
Square of 6, which is C | 
Ihe Anſwer will be 1) haz? 0,250: 
Now. multiply this by the number, of .Keec 
n length, and it yields the Content. of. the 
plece of Timber in: Feet and parts. , As. if 
Uh prece of Timber. 6 Inches $quare, .Were:-I0 
'ot long, it would contaiz +2'Foot 599 pris,” 
WIE: 2.>. £25 20 5625 1 ioxDAd 
And thus: you may-draw out a Table for. 
our mare 'readyi uſe; as yau may {ec-in wy. 
weaſers Pattern. 
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Of Meaſuring 
Prop. | 12S. 
To. meaſure any kind of Tintber, though in be 
nos ſquare, but of any form, as three- 
ſquare, four ſe quare, many ſquare, rod, 


"ar of any other faſhion; peevided is be 
ftroigi bt and equal all along- 


_Caſt up the Superficial Content at he 
end thereof, and find how many Inches it 


mm 


contains by the. Geometrical Propoſitions. be-{} 


taze:going, for 'the finding the Content of 
the Triangle, long- Square , | many-Squate, 
roynd Circle, &. and then work a6 befote 
in the laſt: |. - 

As 144, the Jockey of the Superficial Cont 

. of tbyend or Side'of a Cubic Foc.” 

oa Cubick Foot. containing 1000\perts ; 
on Superficial Content of the end:.\of: anj 


che, 

” the Solid iContens f one: Foot _ there; 
© $o:pou fhall' Gad\for 300 Inchcs Contat, 

Q,.694, pats 3 \for | 200; Inches, the: ddubli 

thereof, 1,389 for 300, 2, 083, .thaty 

2+ Foot oz parts + which 'you way ably 

reake'into ſncha:Table wn for yore | 


y 


ce of Timbar,'' les” 3s be 290, 200, 30 | 
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A Table ſhewing the Solid Content of 
one Foot length of any-piece of Timber, 

according to the Superticial Content at 

the end theacof. | 
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142 Of Meaſuring 


, Prop. 1296 

A more eafie way for meaſuring round Timbe, 
Becauſe there is fo much abule in the mex- 
ſuring of round Timber, I (hall ſhcw' you 
ſornwhat a more plain and ready way for mea+ 
ſuring of round Timber, which is only thus, 
' Take the compaſs thereof with a ſiring,and 
chen meaſuring the firing by your Ruler, ſee 
how many Inches the Tree is in Compaſs, and 
then find thoſe Inchcs in the Table, and there 
you ſhall ſce how many Inches and paitsof 
that Tree will make a Foot of Timber, which 
take out with your Compaſles, and turn them 
over from one cnd to the other of the Tree, f | 
the ſeveral ſpaces will ſhcw how many Fect of |, 

Timber is in that Tree. | 
Thus let the compaſs of a Tree be 60 Inches; 
you ſhall findi the Table againſt 60 Inch. co- 


' paſe, that 6 Inch.0z par. of an Inch, divided ini 


100 parts, mekes.s Foot of Timber ſo that if 


| the piece of Timber be; 12 Foot long, thert i 


very near 24, Foot of Timber init; for 12 Fol 
and 1 Inch is ſomewbat more than 24 Foot. - 

If the Tree exceed the compaſs of 100 Inc, 
(which is the greateſt number .in the Table) 
chen take half the compalſs,and find the number 
in the Table belonging thereunto, and divide 
it by 4.3 that is,take a quarter of that number; 
andfo many Inches and parts will make a Fort 
of Timber of a Trec of that compaſs. 


and Survening. 143 


Tible ſhewing how many Inches in length make 
a Foot of Timber, of any Tree or round pi 


of Timber whoſe Compaſs is known, 
omp, [Inch par.| |Comp. | Ic. par.| | Comp. |Inc. par 
10jJa17 15 4I|!'z 92 1 6:4 
I1[199 46 42]12 31 at of le 
12ji15o9 80 azihit 74 73] 4 ©: 
131128 49 44/11 41 74] 3 97 
141110 79 $i110 73], 75] 3 BV6 
I5] 94 31] 46]10 -26 76(.3 7c 
16] 64 82 47] 9 83 79] 3 66 
17] 75 14 45] 9 42 . 781 3 7 
» 18] 67 ©: <.49] 9 04] | > 79] 3 4 
Ig} 62>. If [S 50 8 69] |S $0] 3 39 
$20] 54 29] [$51] 8 35 [|S 81] 3 3: 
q21| 49 23] [w52[8 031 |,8 8:[ 3 23 
v 22] 44 8| | 4,53] 7 73] | 83] 3 75 
ID 9D NE RE 54] 7 42] -[\S $4]:3 08 
24] 37 69] [O55] 7 28 I 85] 3 ol 
$25] 34 741 | 856] 6 gi] |» 8| 2 94 
26] 3% 12 <7 6 68 'D 87] » 87 
C29] 29 79 58] 6 45] |= 88] 2 8 
7:8] 27 70] [59] 6 24] |& 85] 2 74 
29] 25, 82] } Rebol 6 03 £ gol 2 68 
3o] 24 13| S 61] 5 84] [wo gl} 2 62 
331 23 63] |S6:| 5 65| | gi} 2 57 
33] 21, 21 D 63 S 47] | 93] 2 $1 
33] 19 92] [645 30 94] > 46 
34118 78] | 65 5 14 95] 2 41 
35] 17 74 66] 4 58 961 '2. 36 
36] 16 . 76 67] 4 84] | 97] v -31 
37] 15 86 65] 4 72 g8] 2 26 
33] 15 o4q 69] 4 56 99] 2 22 
39] 14 28) 70l 4 43] 100] 2 I 


theſe Sedtions, will be, as'you may (ce in my 


| Iefſeritop-part fromthe Tontent of the whok 
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| Prop. 430. 
 Tomneaſure T gpering Yimber. 


Many times Timber is Icfſer at one end 
than the other, and moſt Trees ox-xound 
Timber is ſo.” Now the common . way to 
meaſure ſucha piece of Timber, is to meaſuit 
it by theſquare or compaſs taken in th: mid. 
dle thereof: but that gives the quantity a 
good dcal too little z and the more tapering 
it is, '{o 'much 'the worſe. 

' Theſepieces of tapering Timber are cithy 
parts of Cones'6r Pyramides. Now the wy 

to meaſure 4 whole Cone or Pyramide is asit 
Prop. '53, $4+- to multiply the ſuperficial Cop 
ent of the Baſe by a third part of the length 
And the beſt and plaineft way to mealax 


EF_cCcacqco_ Tc "DV DT MESS; 


Purchaſers Pattern, firſt to-ftind the lengths 
the-whole /Pyramide or Cone, and to find 
the content thereofz then by the news" 
Content at the leſfer end , and: the |leng 
which belongs|to that part, ' find the Conte 
thereof, as if it werea-Cone 'or Pyramide 
it ſelf. Laſtly, SubtzaRt the Content of this 


the Remainer muſt needs be the Contcntdl 


the bigger bottom: part, which you were i 
meaſure. 
£ N 


Pye _ 


and Surveying. 145 
Nom, to find the length of the top-part of the 
2 Cone ar Pyramide which is cut off. © 


endl Meaſure the Sides or Diametexs of the 
und two ends, and obſervehow much they differ 
/ off from cach other in breadth , Then, | 
ſuit 4; the Difference of the "WG of the two Ende, 
nid. = To the length between them © Tt 
ty af So the breadth of the greater end, | 

ring Jozbe whole length of the Cone or Pyramide, 

| Or if this'may ſeem difficult and tedious, 
thafl yon may part your piece of Timber as'it ; 
wy were into ſeveral parts, 10-or 5 Foot long, 
Sin and ſo meaſure each part according to its 
ov ſquare or compaſs in the middle, and then 
.f.add them all together. This will come very 
anc near 3 and you will find auch differenct be- 
tween this, and meaſuring the whole picce 

(F at once by che middle. F"ES0 F 


Fail oint lt. W- 
GAUGING, 
"Pere is not much: difference betweey 
k# Gauging and Meaſuring other Solids; 
paly they 'are meaſured by , Feet . and Parts 
the E Veſſels by Gallons, Qartss and Pints, 
There are two-things herein chiefly nece{ 
ſary, yet both controverted. Firſt, Thel 
V=ſlels; being for the moſt part of irreguly 
forms,...how /to. reduce; them to a reguly 
Proportion. - Secordly, To find - the tw 
quantity of the Gallon in Cubick Inches, 
parts of a Fovt. . 
For the firſt of theſe, one of the beſt way: 
15 that of Mr. Ozghthred'ss Meaſure the Di 
ameter of the Cask both at the Bung andat 
the Head, and by their -Diameters tind out 
the Arca of their Circles, Then take two 
thirds of the Area at the Bung, and one 
thixd of the Area at the Head, and add then 
together; this wilt be the wean Area of the 
VcEel. Lafily, It you multiply this meas 
Area by the length of the Veſſel, it wil 


7 (hew 


. 
<<, 
F, 
«42 6 


Of Gevging. 147 + 
fhew how many ſolid Inches the Veflcl con- 
tains} which-if you divide by the Number 
of ſolid Inches in one Gallon, it will ſhew 
you how many Gallons the Cask will hold. 


Example. Suppoſe a Wine Cask, baving the 
Diameter at the Head 18 Inches, and- the 
Diameter at the Bung 32 Inches and the 
leugth 40 Tucher, What is the Content ? 


3 of the Area at the Head is 84,823 
3 of the Area of the / ung are __536,166 
The Sum of tbeſe treo | 620,989 
Mmltiplied by the length 40 
Makes ſolid Inches 24839,560 


which divided by tbe ſolid Inches in one Gallox 
of Wine, which are 231 Inches, yields. for 
the content 107 Gallons. 530 parts, that i, 
ſomewhat above balf a Gallon. 

But now here is .the ſecond difhculty to 
reſolve how many ſolid Inches arc in a Gal- 
lon. | | 

As for the Wine Gallon, it hath been and 
ſtill is comtnonly received, that a Wine Gal- 
loa contains 231 Cubick Inches : yet Dr. Wy- 
bard plcads that it is fomwhat leſs, viz. 224 
or 225 at moſt. But this difference is not ſo 
much as others make it in the Ale Gallon 
for though moſt old Gaugers and the Coopers 


- make the Ale Gallon tothe Wine Gallon as 


4 to 55 (o that the Wine Gallon being 231 
Inches, 


- 148 Of augivg. 
Inches, the Ale Gallon is 288 Inches 2: yg 
tlince the Exciſe it is accounted by them but 
282 Cabick Jaches. 
| According,to theſe Rules and Obſervations 
this Table 3s calcalated, ſhewing the + of the 
Arca at the Head, and ; of the Arca at the 
Bung, of any Cask ready caſt up in Gallons 
and 1000 parts for Wine meaſure; fo that 
meaſuring the Diameter of any Cask at the 
Head, and at the Bung, and adding thele 
two Numbers together , and ' multiplying 
their Sum by the lengch of the Cask, you 
ſhall find the Content thereof in Wine Gal- 
vous,” - - 

Example. Swppoſe the Diameters, 
"At the Head to be 18 Inches 0,367 


- Atthe Bung ta be 32. Inches 
The Sum of theſe two 

Multiplied by the length 40 Inches 

Makes very near 4 before z 07, 5O2 
that is, 107 Gallous 520 parts of a Gallon; 
that is, @ little ahove one half of 8 Gallon« 


Df Cu} 1N6. 
al A Table for the G 
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duging of Wine Cask, 


ut | | Reed | Bung \' 7 | {| Nia | Bung-.| 
Pn oranges _ — _———__ ow ww - _ 
| \G. parts G. parts | |G.parts..G. parts;.. 
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' "You may inlarge this Table to parts of Jaches, and draw it 
into a Gayging'Line or Rod,and make the like alſofor'Beer and 
Alc Gallons, as you may ſceat large in my Purchaſers Pa:tern. _ 
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To Gage « Cork which iz no ful 
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which are not full. 


: Table for the Gauging of Wine ll 


ts.1G. [parts.|G. parts.[G. [parts.|G. | parts. . 
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of Gayging, —- 
The Oſe of this Table is thas. | 


Firſt meaſure the Diatnetets of the Caslk 
at the Head and Bung, and fo find the Con- 
tent of the whole Cask. Then meaſure how 
many Inches deep the Liquor is which is in 
the Casck, and then work by the Rule of 
Propertion.' _ ; : 
Example. Let the Cark be 6s . before 32 In-- 
cher at tbe Bruug, aud the Liquor 24 Inches 

eþ. | 
4; the Diameter at the Bung in Inches 32 


Nl 7o the depth of the Liquor in Inches 24 
$9 the Radius of the Table 10000 
Tothe part proportional | 


7500 
Find this Number 7500 in the Table, —_ 
it anſwers very near to 50 Gallons three 
quarters. . . _ 
* Then work again thus, omitting the ſmal- 
kr FraQtions, which are of little concernments. 
CE a Gal. par. 
Ai the Gallons of the Redis 063 oo 
To the proportional Gallons found 50 '75 
Sotbe Content of the whole Cack 107 50 
To the Content of the Liquor huge 35. 61 
24 Jaches deep of ons 6 
yes i, ſommwbat above 86 Gallus and an 
a] 4 ; : 
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To khnam the Cortend of app Iron of 


| Beer Cask in Ale or Beer Gallons. 
"The London Coopers Scantling r- 
For the Beer Barrel. 
The Diameter at the Head 19 Inches y payi 
The Dzameter at the Buns 23 Inches © per, 
The lengttr ue © 29 Inches 4 pars 


go 


ys For. the Kilderkin, + 
The Diameter at the Head 16 Tyches 1 246 


The Diameter #t.the Bung 18 Dicher 6 por. 


The Length - 21 Inches i pare 


- Theſe Scantlings do very well agree with 
the old received . quantity of the Alg Gallon, 
which allows it to be 288 Inches 2, making 
the Baxzcl to be a Pint over 36 Gallons, 
and the Kilderkin a Pint and an half. * 

>> \ So that, OR TL 
Wh WY; nc oh abs 
$8 any unumber of Wine Gallons, to the Content 


4 ary theme $a. 58 Beer or Ale Gallons. 


_ But upon later Experiments, it-hath been 
tefolyed on by the Committee of m—_ 
% that 


p 


Ny 
 . 


Of Gauging. I53- 
that in the meaſuring of the Brewers: Tuns* 
ind "Veſſels, the Ale Gallon ſhould contain 
but 282 Cubick Inch | 

Now for the mea aring of: thoſe Tuns, 

whether they be Square, or. Round, or of 
what form foever "they are, you muſt do 
thus. 
Firſt, you wuſt find the Content of ſuch: 
Tuns in ſolid or Cybick Inches, by the: for- 
mer Rules of Meaſuring ſuch Bodies which 
dividing by 282, the Taches i in one Gallon, 
ſhews the Content in Gallons; and divi- 
ding the Gallons by 36 (the Gallons in once 
Barrel) ſhews the Content in Barrels. 

You may make this Work more ſhort 
and eafic, it you provide a Table, which: 
ſhall ſhew you how to reduce the Foot-mea- 
lure of any Superficial Form into Barrels 
and Parts; ' So [meaſuring the Superficial 
Content of the top or bottom of any Veſ- 
ſe] according to the Rules of Art, you 
hall have the Content in Barrels and Parts 
for one Inch deep; which being multiplied 
by the depth of the Veſſel, or the depth of 
the Liguor therein, ſhews the Content or 
Quantity of the aid Veſſel or Liquor, 

Fhere-are two ſuch Fabites-t 
pole, the one for [quarc Tuns, the other 

round Veſſels, in my Purchaſers Pat- 
tern; which, though ſhort, may eaſily be . 
inlarged 


I54 Of Ganging. 
inlarged for fach as have need of them, 
I thall here give you another ſhort Table, 
' which ſhall be more g@cral for all Forms, | 
ſhewing the Content in Barrels and Patts 
for any number of Fect of Superficial Mex: 
ſare one Inch deep. 

Note, One Foot ſquare is near half 4 
Gallon ; for there is 144 Inches in a.Foot, 
which doubled makes 288, which ſhould 
de the Content of the Ale Gallon, though 
here it is2 little leflened to 282 Inches, © 5 
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, | os => 
& de "ag bo 
5 {a Table to reduce Superficial Foot-meaſux, 
G into Barrels and 10000 parts. . | 
[- ———_ ——_—_———___—_—_—_.——_ HE AE 
F.|B-parts.| |F. |B-parts.| |F. |Bparts.| | F.- |Bs det 
2 pI allen racy © 
q 110.9142[129|0.4114 560.7944] | 83} 1.17 
t [0.0234] |30[0.4255| [5:719.8086 I,;1'91 
d $10.0426]{34[0.4397] [58 0,623.28 1,2055| 
410.9567] [3210.45 38] [590.8369 1,2197 
! P 0.0789] 33]0.4680] [60]09.8510 '[ 1,2338 
* | 5,0.08511 [34 61]0.8652 [11,2480 
719.9993| [35 ($3]9:8794 I,35223 
$þo0.11351[36 63 0.9935 - 
'919.127.7| [37 6419.,9076 
\W 10 0.1418, 38, 65109.9218 | 
[140.1560] [39 | 66J0,9360 
20,1702 40 67 0; 9502, 
[13]0.1844| 141 [58[0.9644 
[4]041986 42 6910.9786 
' 0.2125] 43 | 7019.9929][ j 
1610,2269 44 [71 [,o069]| 
[7 0.2411] 145 7T2ilio2z1l 
[870.2553] [46 73;{1.0353 
1 1910,26955|47 74[fc049 
1019, 2837] 148 7511.9637 
16,2978] 49 0,695C [76] 1,92778 
12]0,31S5] [50 77}t.0920 
2310,3262|f51 78]1.,10632[| 
) Wl [1410,3404| {52 79|1,1204| | 
BH |1:5[0.35461[ 5 $011,0347 
, Wl j:6 [0.3688 [54 $ wes 
v712.38309[ [55 82|1,1639 
181>,397211 | To EL "It's 
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| Prop. 13 Is | «4 | 
To Gange a Ship, and caſt np how many Tui 
EO her Burden is. 


Meaſure the length of her Kecl,the breadth 
at the Mid-ſhip Beam, and the depth of the 
Hold, and multiply theſe three one by the fl 
other, , and divide the Produ@ hereof by 
100: So you ſhall find how .many Tuns her 
Burden is. | | 

Example: Suppoſe a Sbip, baving th 
length of ber Keel 50 Foot, and the breadth & 
the Mid-ſhip Bears 20, the depth im the Hill 
10 Foot; How many Tuns will the Ship carry} 

' Maltiply 50 by 20, it .makes 10003 and 
#hat multiplied by 10, makes 10000 3 which 
divided by 100, catting off the 4wo laſt Fi 
gures, ſhews the Ships burden to be 100 Tutth 

Buc this reckoning 1s only for the King 
Ships. 

Bat for Merchants Ships, who give nol 
lowance for Ordnance, Maſts, Sails, Cables 
Anchors, which: are all a Burden, | but no 
Tunnage, you muſi divide your Produd by 
95:. Se the foreſaid Ship will be found ti 
be 105 Tuns ;* parts. 

But this way of reckoning the Tunnage d 
Ships, though ic may 'come near in (om 
Ships, yet it may miſs much 1in'others; int 
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Of Gauging. 157 
all Ships are not built of the ſame faſhion ; 
therefore it is the. beſt and trueſt way to caft 
up the Coutent of the Ship more exa@ly ac- 
cording to the Rules of Art, with relpe&t 
had to the Mold and Shape of the Ship, and 
ſo to find how . many Cubick Feet the . Ship 
doth contain 3 and every Cubick. Foot of 
Water, according to ſome, weighs 55 pound 
Averdipois : But Dr. Wybard finds every Cu- 
bick Foot of Water to weigh 62 pound 
$58 parts, Now every Tun being 20 Hun- 
red weight,: and every 100 weight 112 


this by 62 pound - 588 parts, it makes 3} 
Foot 99-parts: So that about 36 Cubick 
Feet make a Tun weight. * ET 
But here take notice; If you thus meaſure 
a Ship within, you ſhall find the Content of 
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jou meaſure the Ship on the out-fide to, her 
Light-mark, as. ſhe ſwims being unladen, 
you ſhall have the. weight or contcne of the 
empty Ship 3 and if you meaſuxe, from this 
Light-mark to her full drapght of Water be- 


Tannage of the Ship. 


L 2 | Pcop- 


pound , which make 2240 pound, divide - 


Burden the Ship will hold or take iv If 


ing laden, that will be the true Burden of 
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Prop. 132. 


Knowing the Meaſures of a Ship of one Bur- 


den, to make another Ship of the ſame 
Mold, which ſhall be donble, or treble, or in 


any proportion, more or leſs, to the ſaid Ship, 
Multiply the Meaſures of - the length, 


breadth, and depth of the Ship Cubically, 
and then double or treble the Cube, S.. 
extra& the Cube Root thereof. 0 

Example. The Keel of the foreſaid $bip 
being 50 Foot, and her. Burden being 100 
Twuns, to make anotber Ship like ber of 2c0. 
Tus Burden. | - » 

The' Cube of 50 is 12500, which donbled 


makes 250000, the Log. whereof # 5.397940, 


2he third part whereif #4 1, 799313- which 
, 3s the Log. of 63.00, which ' 1 the, Cube ro 
of the length of the Keel required, v1.63 Foot, 


The like you muſt do for the breadth and. 


depth; which you may thus'work by the 
Logarichms with much caſe and readinels. | 


One Ship 100 Tuns, Log. © © 2,000000 
The other 200 Tuns, Log, 2,301039 
The Difference © | ©0,391030 
A third part tboreof 01003 43 
Added to one Ships Keel 5o foot 1 698970 
-Shervs the other Keel 6340 Ce: 1,7993 13 
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OF GUNNERY. | 
Prop. 1333 \5 1a, 51h 
The Names of the Principal. Members of a - 

Piece of Ordnance, | 

He out-kde round about' the Piece, is 
called the $wperficies of ber Metal 3 the 
Subſtance or whole mafsot Metal, the Body 
the hollownels or Concave - Cylinder, © tne 
Bore or Soxl; ſo much of her Bore as con- 
taineth the Powder and Shot, is the Chamber 
or Charged Cylinder; the Remainer, her YVa- 
cant Cylinder 3 the Spindals or Ears are cak 
led the Trunuions 3 the Pammel at her Coyle, 
the Caſacabel Deck the little Hole, the Touch- 
bole;' all 'the Metal behind the Touch-hole, 
here Breech of Coyle ; the greateſt Ring at her 
Touch-hole, her Baſe-ring 3. the next [Ring 
above the Touch-hole, her Reinfore't-ring 3 


the nextto that, the Trunnion-rings the Ring 


next the Mouth, her Muzzle-ring'3 the Ring 
betwcen the Trunnion-ring and Muzzle-ring, 
her Corniſh-ring 3 all the Rings and Circles 
about. the Muzzle; the Frieze 3 the whole 
length, *che Chace. [- Re EUR 

Here -followeth a General: Table of - Gunnery; 


Shewzng the Length and Weight of moſt uſual zug- 
liſh Ordnance, the Diameter and Weight of hike 


Bullets, the Lepgth and Breadth of their Ladles, and 


the Weight of Powder to On pe hems Sue 
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of the different Fortifications of =_ Tit 
| . © _, of Ordnance. 


| There are three Degrees uſed'in \Fortifyi 
cach fort of Ordnance,” both Carmons +. 
Culverins. Firſt, ſuch as are ordinarily 
fortified, which-are called Legitimate Pieces. 
Secondly, ſuch whoſe Fortification is lefſen- 
ed, which are called Baftard Pieces. | Third- 
ly, Double fortified Pieces, or Extragtdinay 
Pieces, | 
This Fertification| is rechonel ; by the 
thickneſs of the-Metal at the Fonch-hok, 
At the” Trunnions, © and at the Muzzle; in 
#roportion o the Diameter of the Boxe. + 
The Cannons dbuble fortified” ih ave full 
6ne Diaricter of their: Bore ih thicknels | 
Metal at their [Touich-hole, 'and $= at theit 
Trunnions; and—*—at-their Muzzle. Th 
bar ed |Cannons have at their Touch-hole 
-or £2 of the Diameter of thieix Borein 
_ neſs of Metal,” and & at their Trunni 
ns, and + at' their Muzzle. * The ordins 
fortified Cannons have' 2 at the Touch-lto 
at the Trunfijons, . and-4 ,at the: Muzzle 
Il the double fortified Culveriits: and 4 
leffer Pieces of that.kind, haye one Diamett! 
quod 4. pat the Tauch- hole, 2F at the Trund! 
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ons, and 2; at the Muzzle. And the ordi. 
nary fortified Culverins are: fortified , every 
way a5:your double fortitied Cannons; and 


the Iefſened Culverins, as the ordinary Can- 
FF rnons inall points, | be 
and | Prop. 135: - Ill 


rl P4af 7 0 much Powder is fit for proof, and what 
el for ation, for any Piece of Ordnance. 


ird- For Cannons # of the weight of their Iron, q | 

inf Buller for proof: but. ior ſervice. half the wine f 
weigh of the Iron Bullet is enough, eſpe * |||} WI 
thei cially for Iron Ordnance, which will not 
ok, endure ſo much Powder as Braſs Guns by - 
infl one-quarter; - For Culverins , rhe * whole 

4 weight of their Shot, for proof, and for. 
full aGtion 5. Fox the Saker and Faulcony of the 
5 off weight. of their [Shot /and' for Jcfſer. Pieces 
heir the: whole weight may be uſed in '{ervicetill . 
Theft they grow: bot 5 but;then you may abate pI 
holll with diſcretion, -.For proof of theſe leſſer | 

ent Pieces you may take onceand + of the weight 
uni . of their Bullet,' Herein alſo mult be regard 
fl to'the'ftrengeh and goodneſs of the, Powder, 
ok} which is to be-ordinary Corn Powder. -,;. . _ 
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Prop. 136. 
To make Ladles to load your Guns with, 


The Ladles are to be fo proportioned for 
every Gun, that twoLadle-fulls of Powder 
may charge. the Piece , which in general 
_ terms 3s thus, 


The Breadth' of all Ladles are to be two 


Diamcters of the Shot, that fo a third part 
'of the Compals may be left open, for the 
Powder to fall freely out of the Ladle when 


you turh it the bottom upwards. Thelength 
of the Ladles muſt he fomwhat dittcrent, ac> 


cording as the Piece is fortified, / 


For double fortificd Cannons ; the length 
of the Ladle may be two Diameters and an 
half of their ſhot, beſides ſo much as is ne-. 
ceffary to faſten it to the head 'of the Ladle- 


ſtaff, which will require one Diameter more 


of Plate: bur this is not reckoned to the 
Jength of the Ladle; becayſe it holds no 


Powder. 
For ordmary Cannons, the Ladle muſt 


not-exceed two Diamerers of their Shot in 
length, 

For Culverins and Demiculverins the 
Ladle may be three Diameters of their Shot, 
and three and an half for leſſer Gans, to 


| load them at twice; If you will Joad them 
| at 
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”, at once, you muſt double the length of the 
\ Ef Ladle. | 


o 


' Obſerve this for a oeneral Rule, "That a 


Ladle 9 Balles in lengthy: and two Balles in 


breadth, will hold the juſt weight of the | 


[ron Shot in Powder. | 

But note, That Iron Ordnance mnſt have 
but three quarters of the Charge of Braſs 
Ordnance. | 


Prop. 137. 
To know what Bullet is fit to be uſed 
for any Gun. 


It is convenient that the Bullct be ſome- 
what lefs than the Bore of the Gun, thaf 


ir may have vent in the diſcharge, and 


not ſtick and break the Piece. Now ſome 


think a quarterof an Inch leſs than the Bore. 


will ſerve for all Guns 3 but this vent is 
too little for a Cannon, and too much for 
a Falcon. It is more rational and arti+ 
ficial to divide-the Bore of the Gun into 


20 equal parts, and let the. Diameter 'of 


the Bullet be 19 of - thoſe parts, accord- 


ing to which' proportion: the Table is calcu» 


lated, 


"4 


Prop. 
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Tink 138. 


By knowing the weight of me Bullet, to Fin 
what any other Rullet will weigh. 


Teisa common Opinion, and very near to 
the truth, as you may ſce in Dr. Jybard' | 
Tattometria, That a Bullet of caſt Iron of 
four Inches Diameter weighs nine pounds 
of _ weights. 

Now if an Iron Bullet of 4 Inches Diz-- 
meter weigh 9 /.. what ſhall an Iron Bullet 
of 8 Inches Diameter weigh ? 

All Bullets have a Cubical proportion one 
to another, Now by plain Arichmetick, the 
Cube of 4. is 64, and the Cube of is: $1. 

 Thercfoxe, 
As 64, to gl. $0512, 19721. 

How to perform it by Logarithms, you 
may ſee in the ninth Propoſition, 

But if the Bullets be of ſeveral Metals, you | 


muſt know the proportion which one - Metal 4 

hath to another, and ſo make a ſecond Ope> 

ration. # 
Example, The proportion between Lead and 


Tron. is as-mucb. as. two #0 three : Now if you 
would krow what either of theſe Bullets wil 


weigh in L-ad : 
For the Bullet.of 4 Inches Diameter, 


As 2, #035 Sogl. fo ha 


Po kt D-£ 


For 


SF 


As2, 103: S$o72l. to 1081, ' | 
The proportion beeween Iron'and Stone is 


233to$: But this is of hard Marble Stone 


* EY which -is fit for Bullets. And in ſhooting 
theſe Bullets, you need not uſe fo much 
E Powder as-for Tron Bullets. 

By che weight you may alſo find the Dj- 
ameter of any Bullet of Lead, Iron, or Stone, 


wh or of any 'other Metal whoſe proportion is 
i The commonly received Proportions for 


', Metals are theſe. 
Lead is to Iron as 210 3. 


” Lead is to Brafs as 24 to 19. 

| Lead is to Stone as 4 to 1. 

" Iron is to Braſs as 16 to 18, 

[ Tron's to Stone as 3 to 8. 

a | The more exaQ Proportions between Me« 


1 | fals are theſe. . 9 
Y Suppoſe a Cube or Bullet of a certain bigueſs 


" No waygh rool. weight the like Cube or Bullet 

10 f any of theſe Metals or Things ſhall weigh 
, | 4 followeth, and have this proportion- 

| I - _ bhi. _ Þts- 

BE Gold 100 OO Brafi "47; av 

wickfilve,. 71 43 | ron 42. 10 

| Fg | 60 53 | Tin 38 95 


rf Iver 54 39. | Stone I5 80 
| Water - 05 68 
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For the Bullet of $ Inches Diameter, 


x68 Of Gunnery. " 
Now if you wenld know the bigneſs of 'tly- 
Bullet that will weigh thus mmch, you my) 
find bythe former Rales, That 4s a, Bullet of 
Iron which weighs 9 l. hath 4 Inches Diame- 

. ter ſoa Bullet of Iron that weighs 42 |. bath 

\ 6 Inches & Diametcr and that enuſt be th 
magnitude. of the Builet wich being caſt of 
= ſeveral Metals will weigh as afor- 
4aIGs | 

ſ In like manner you may find the weight 
of any other Solid Body, of different Mg 
tals, by theſe Proportions.” _. l 
Examplc. . If a Cannon-Royal of Broi 
weigh: $000 l. weight, what ſhall a Canum 
of Tron of the ſame length and thickneſi 


v.» za > ' a. +» no. hangs ot 


x weigh ? ; | 
As 47-37 for the Braſi, Log. 32675593 Þ 
il To 42. Io for tbe Iron 3.624282 
So the Braſi Cannons weight B09. 3.903090 
| The Sum, ſubſtr. the fiſts 9,527371 


To the weight of the Iron Can.J 110. 3,851869 
I have 4; added the Proportion of Wa- 
ter to thele- Metals, according to Dr. IWy: 
bard*s Experiment, who finds a Cubick Foot 
| of, Water to weigh 62]. 588 parts, though 
I find in others but 55 1. And by this you 
may know how much any Pigce of Ordnance 
weighs Jeſs in the Water than in the Air: 
For any Sdfid Body lofeth fo much of its 
weight 


\ 


weight in the Water, as the quantity of that 
Body in'Water weighs, So that Gold loſeth. 
inthe Water 5 J. 68 parts in every Hundred 
that is above an 18th, part : Braſs loleth 5 1. 
68 parts 10 47 1. 37 parts thatis, above an 
eighth paxt : Iron loſeth 5}. 68 parisin 42 7; 
10 parts-5 that js, above a ſeventh part, 
"Thus you may give* ſome gueſs how many 
Tuns may weigh a Ship being ſunk, knows» 
ing hex weight andlading before. 
Once again, If you invert theſe Propor- 
tions; Then if you have a Solid Body'ot any 
of theſe Metals, and would make anothi 
of the fame form and faſhion, which ſhou 
be of the ſame weight 3 the Bigndſs or Mag- 
nitude thereof will have theſe Proportions. 


Water 10000 Braſs 1256 
93 Y Stone 3641 Silver I 044. 
2 Jn . 1458 | Lead 0938 
00 Iron 1349 | Quickſilver 0795 
1 Gold 0568 

'9 Prop. 139. 

Yy. To know bow far any Piece of Ordnance 
zof will flooute ; 
gi There is much difference in ſeveral Au- 


thors about this 3 but all agree in this, tiſt, 
< Y That the Bullet is carried. from the mouth 
' of the Piece more violently, and for a _ 

| | | Pace 
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ſpace in a ſiraight Line or, Range : and aft 
_ terward as it proceeds further, as the vio. 
lent force of the Motion abateth', fo the 
| Bullet finketh down by degrees, till it gra: 
zeth upon the ground. Now theſe two Mo. 
tions are ,confidered apart, or elſe joined 
together 3 but they are both of them for» 
what'che longer, according as the Piece js 
mounted higher from the Level to the An. 
ele ' of 45 degrees, which is the outmoſt 
Random; and if .you mount. any Piece 
higher, the Random of 'the Bullet will be 
ſhorter and ſhortes : So: that if you could 
ſhoot exatly upright, the Bullet would 
fall down into the mouth of the Picce 
-_ -,- | 
The right Range of every Piece, being 
diſcharged ina Level, or paralle] to the Ho- 
Tizon, 1s ſet down in the former Table, in 
which the Cannon exceeds not 185 Paces 
that is, 5 Foet to cach Pace s ſome reckon 
much more; but then they count ordinary 
Steps or Paces of two Foot 53 and Batterics 
made with ſuch Pieces are uſually made at 
100. or 120 ſuch Paces,, at which diſtance 
they do the beſt Execution, 

The utmoſt Rindom likewile of any Piece, 
that is, from the Platform to the firſt grate 
of the Buller, I find by ſome tobe about cen, 
. times the diſtance of the Right Range 

ntd-1 
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ind accordingly I have ſo ſet it down in thi 
c 


; Table. 


As for the "RES: to ;tha other Debrtes and 


Points of the Qaad 
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| The Oſe of the Table of Randome. 7 


This Fable is rather proportional than te- 
al; for it cannot be ſuppoſed that all kind of 
hype haves like Random, this T1 

le beſt agrecing to Cannons and Culvering, 
and the greater fort of Ordnance. And 
therefore re know the Random of any other 
Gun, yoa' rtiay firſt make a Shot or rwo. at 
a certain Degree of Mounture ; and meaſy- 
-_ the diſtance thereof, you may by the 
ule of Proportion find the Random of that 
Gun to «iy, other Degree, and fo make 
Ta le thereof. | 
, Example, Swppoſe a Saker being mount 
Bo 5 deg. ſhoots the |Bulſet 416 Paces, Hw 
Far will it ſhoot being mounted to 10 deg. 
As 722, the Tabiilar diſtance for 5 azg. 
| Mounture, Sy 
To 416 Paces, thi diſtance found : 
So the Tabular diſtance for 10 deg. of Mo 
tire, 1214- L--2 | ( 
To the diftance required. Work by the Log 
'and you ſhall fand 699 5 Paces. 
| ws. , Andyttit is to be fcared, this will not « 
Krmine the buſineſs ſo exadly as it ſhould 
and therefore it weke a'very good Workl 
ſome who have $kill and opportunity, 
make Trial by {{ycral Picces, and to my 


4 Of Gunzery. T73 
Randoms of them , | and make more exact 
Tables for all our common fort of Engliſh 
Ordnance. : 1 407? OOthe ld 

e- i Lifind that Mr. Nye in his Gunnery made 
of | ſome Experiments by a Saker to this pur- 
[4 poſe. The Saker was $ Foot long, which 
ns, he loaded with three pound of Powder, 'cx- 
nd aRtly weighing the Powder and the Wad c- 


her very tire, ramming it down with four '@>: 


. & © qual irokes as near as he-could every time, but 
al put no Wad upon the Bullet, becauſe the Piece 
the] was mounted 3 and thus he made four Shots, 
that each of then half an hour after the other. that 
the Piece might cool, and be of equal tem- 
per, and tnounted his: Piece to four ſeveral 
Degrees of Mounture, visz.1 deg. 5 deg. 7 degs 
to deg and found theſe Randoms : | 
At 1 atg. the Random wws 225 Pacer. 
At 5 deg. the Random was 4.16 Paces: 
At 7 deg. the Random was 505 Paces. 
At 10 deg. the Random was 630 Pacers. 
According to which, he framed-this Table 
of Randoms, T1 
Deg. -. Paces. 


Deg. ' Pacer. 


O , 206 4. 1608 

225 +. "if 
2. 274 EY & 540 
3. 323 | ij} 9+ $sp 
+ -370 | | i. (630 
>) 416 
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174 Of Gunnery. 
Captain: Hexam in. his' Book of 'Gunnery 
ſhews. how by tinding out” the Random of a 
Cannon for the firſt Degree of Mountare, to 
find the Random for every . Degtee to 45 deg. 
.which is the utmoſfi Random, after this man- 
NCr..- {2 | 
Firſt, find out how many Paces the Can- 
non will thoot being laid level by the' Metal 
(which he accounts for one Degree of Moun- 
tore) divide this diſtance by 50, and then 
multiply the Quotient by 11, and that will 
bring out the number of the greateſi digreſſ- 
on or difference between Range and Range; 
which being divided by 44, the Quoticne 
hews the; number of Paces which the Bul- 
Tet will loſe in the other Ranges from Degree 
co Degree. PY -- | | . 
Example, A Battering Canxon being laid 
by the Metal will ſhoot his Bullet (faith he) 
1000 ordinary Paces, two Foot and ax balf to 
each Pace ; which being divided by 50, your 
Dnotient will give 20, which being multipli- 
. ed by 11, it will give 220 Paces, which u the 
#umber of the next digreſſion .made in the ſe- 
cond Degree; which 220 divided. by < 4, the 
number of the remaining Degrees, yields 5. 
hich is the .unumber of Paces 20 be diminiſhed 
iu each following Degree. And according 
to this Rule this Table is framed.. 
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x Tible of Randoms to 45 Degrees, ac-| 
counting 2 Foot 7 to the Pace. 8 


Paces [= Paces-| di 
0.0775 $225 ' 23 1 4685 
1 I000;| 220 24 | 4795 |: 
21 1220] 215 25 | 4900l 
z.| I435'] 2IO 26 | 5000 
4] 1645 ] 205 27 5095 | 
5- 1850 200 a, 28 5185 [- 

: 62050 -I95 29 | 5270] 
t 7122451199 4 | 83015350 þ 
E 812435 | 185 31| 5425 pi 7 
C'9 2620:|-180 32 [ 5595. |_ 
19 2800 BY 334] 5560 | 
bats 2975 | 170 341 5020} 
p12 | 3145-265 35 [5675 | 
FER 1.492 1 160 36 | 5725 þ- 
I4 [3470] TS 3715779 | 
$15 3025/1 I50 38 $810 
10 | 3775 | 145 39 | 5845 | 
I7 | 3920 | 140 40 | 5875 

18 | 4060 | 135 41 | 5900 

19] 4595 | 130 42 | 5920 
20 , 4325 | 125 43 | F9Y3$ : B 
21-4 4450 I20 | -|. 44 | $945-þ- 
22 145701 1195 45 | S950 | 


A Table of Randoms: he Ihe firſt viz Points of | 


the. Gunners Quadrant... Es 


_— 


far 


| T | 2 | CY” LY. > þ. 
. | Falconee: T3751 657] s + 892 
[Falcon - 550-935 + 1309 | 
Minion. 450 [. 765 | 954- n \ 1071: 
Saker 62:5 | 1062 7 | 1487 
Demicnalver.. | 725 | 1232 | tx925 
Cylverin - ].750 | 1275 | I-3785 |: 
 Demicannon - 625 j 1062 | | | hw 
' Canon of 7; 675 $4.4 E I] =o hs ij 
| Double Cannon | 750 | 3275 1710] 1785. 


[} 
S 


4d. —GIAit 2 -- a. 4 ton. eats 


" Bug-this Table of Mlexaonder Biexes, 


all ſorts of Ordnance, I account one of the 
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Of Shooting in Morter-pieces. 4 


A S Cannons and other Picces of Ocd+ 
nance are uſed for the moſt part tg 
ſhoot Pans af near a Level; fo Mortar-pieccy 
are uſed for the moſ} part to ſhoot upward, 
and at Random: and therefore the Ran> 
dom of theſe Pieces is yery neceflary to 
known, And moft of the Tables that 
find hereof agree in theiz Randoms, though 
they are in-a ſeveral dreſs; ſo that ane 
weuld think this were fully and certaiuly 
known. | | | 
Mr. Nortoz and Captain Hexam make uſe 
of Diego Uffano's Tables, the one for the 
12 Points of the Quadrant, the other for 
every Degree, taking the one half of each 
Number, .and (© reducing it into Pages of 
5 Foog, FIN the es 


Of Gimmmery. 


od. EE... | 


[a Table of Randoms for Mortar-pieces 
every. Degree of the Quadrant." 


? 


oo] - | - 23] [480] 
'F | 24] 490 

25] $500 
20 
ay 
28 
: £120 


ww 3» P * ; 
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Ul 
bl 
8g 
9 
: 
| 1 hr 
2}: 


rees of Monnture. 


I 
I 
I 


&15!$ 3971874 | 
NM 161 392 73 | * 
17] 406] 72 
18] 419 71 
19] 432] 70 
20, 657 609 


21] 457] 68: 
221 469! 67 
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Diego Ufſano's Table of Randoms for Mors 
tar-picces, to the 12-Points of the 
Gunners Quadrant. 


583 570 534 468 377 248 100 

4 Sg I 8M | 
ol ” p - = . A - 'C ) 
46 7. # 20 80 M8 


583 570 534 468 377 248 © 


Here, according to Mr. Norton's and Caps 
tain Hexar*s Braſs Figures hereof, (to re- 
+ 208 this the more lively) I ſuppoſe the 
m@rtar tobe placed at © 3 the ſeveral Ran- 
doms are the Pricks in' the middle Line, 
numbred with the Points of the Quadrant, 
forward and backward, unto which the fe» 
veral Randomsare-(et. The firſt Prick nexr 
to © ſhews how far the Bullet or Granado 
is ſhot from the Mortar, being levelled Point 
Blank, ' and this is 100 Paces. The ſecond 
Prick is the Random when - the Mortar is 
mounted one Point, that is 248 Pacesz and ' 
ſo the Randoms increaſe to the ſixth Point, 
which is the utmoſt Random, and is 583 
Paces, | | 

It the Mortar be. mounted higher, to the 
7, 8,9, &c. Points, the Randoms decreaſe 
apain, as before they -did increaſe) _—_ 
| _ they 


18% Of CGuarery: | 
they ſuppoſe to be in ſuch Proportion, that 
the Random of the ſeventh Point js equa] 
| to the Random (of the fifth, and che Ran. 
dom of the eighth co the fourth, and of 
the ninth to the third and ſo for the reſt of 
the Points, as.inthe Table, - 

But here is a great miſtake in theſe latter 
Randoms3 for . it you =, cm thus, and 
. make the Randoms equal xo each other, ac- 
cording, as they. are diſtant from the. fixth 
Point, which is the utmoſt Random, then 
the Random of the tenth Point will be equal 
to the Random of the ſecond Point,- and the 
Random of the eleventh to the Random of 
the tri Point 5 and fo the Random of the 
twelfth Point will be.equal to the Random of 
the.o Point, or the Level Random, which 
1s x00 Paces fromthe Mortar, which is con» 
trary to all Artand Reaſon. For if the Mor- 
tar be moynted to;the twelfth Poing, that is, 
bolc upright, $he-Bullet or Granado mul 
rationally fall down again either upon or near 
anto the Mortar, and not 109 Paces off, gs 
they make it by this ſuppoſition.  , - 

And though they have (as I ſuppoſe) ſeen 
the error hereof, yet they have made a very 
poor aimends for it, by making the Random 
of the eleventh [Point 248 Paces, ' and the 
Random of ' the (twelfth oo, making the 


- difference of this Random as-much as oy 
the 


Of Gunnery. 2x, 


the other, and ſo drowning the roo Paces of | 


the Level Random, as if they were nothing 
conſiderable. | 

The like error is in the ,Table of Randoms 
for every Degree, which make the Random 
of the 89 deg. tobe 100 Paces, and yet (ets 
thoſe reverſed Degreesa Line forwarder than 
they ſhould be 3 for 90 ſhould be againſi o, 
and ſo ther Random-of '90 deg. will be 10e 
Paces fromthe Moxtax, which ſhould be in 
or near the Mortar, as beforc-ſaid. 

And this error is fo much the worſe, be- 


” 


cauſe the Mortars axe molt uſed in the Rane | 


doms aboye 45, whexethe chief errox lies. : 
\ It were to be wiſhed therefore that this 
were reQifhed by Experience and Trial made 
of ſeveral Mortars. | All that I can do at pre- 
ſent, 'is to give you Ms. Norton's Experi- 
ment by, a lytle Moxtar that ſhot -a Bullet of 
5 Inches Diameter, the Chamber whereof at 
the Mouth was two Inches and an half Di- 
amcter,/ and three Inches deep the Chace 
10 Inches deep, which 'he laded with three 
ounces of Powder, and diſcharging it at ſc- 
veral Mountures above 45 deg+ found theſe 
Randoms, | 


The 


Of Gunnery,» 


Tards, 


Theſe Differences are very unequal, which 
either ſhews there is ſome fault in the wri- 
ting or Printing of them, or elſe that it is7 
difficult thing to charge a Piece equally, and 
to mout it to a certain Degree exatly 5 and 
either of theſe may cauſe as much difference 
as is in moſt of theſe, But yet ſuppoſe the 
Experiment in general is more conſonant to 
truth 'than the former Table; and there- 
fore hereupon I ſhall frame another Table 
of Randoms, which I hope will 'be of 
good uſe, and- not liable to the former Ab- 
nn WR ot 
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1 | Tabele of Randoms for Mortar-pieces, ac-| 
+ | cording to 'Mr. Norton's Obſervation, |} 
| i xeckoned in Yards. 30Y 
D.|Yards. | diff. | D.|Yards. |4Hff- 
45] 750 | 68] 50] 1 
46| 744 - 69] 49% 1G Wh | 
47] 737] 7 | 70] 474] 17 1118 
|} 48] 730 | Til 4537] :g THR 

+ || 49] 721% | 72] 439] .g | 

1 as $4 © f | =Y 421 r9 | 

7 cif a7718 | 741 £421 2o 

id 9 AYE 

1d $7») 

ce 10 

he IO 

to” 

2 

le 

of 

2» 
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According 


164 Of Gunnery, © 
-. According to this Table I have dravin g 
Geometrical Demonfiration of thoſe Ran. £W 
doms, -. whereby « theſe things may be made 
more plain and vifible; which though it 
differs much from other Mens Schemes there. 
of, yet I doubt not but you will tind it much 
nearer the truth, - eſpecially for the Ranges 
above 45, which are chiefly neceſſary. | 

Alfo having made ſome Experiments here: 
_ of, I find that the Randoms of other Ord- 
nance are very irregular and defeQive, eſpe- 
cially in their Randoms abOve 45 deg. but 
there being lictle aſe of thoſe Randoms, | 
ſhall let it- alone at preſent, till ſome farther 
Obſervations axe made thereof, 

This error proceeds from the fame caule as 
the other, viz. they do not reckon or pro- 
portion the tirſt- or Level Range among theſe 
Randoms above 453 and this makes molt 
think that the utmoſt Randon is not at 45 
deg. but ſome make it at 43 0r 43 deg. and 
ſome at 24 : but it is certain, that the ucmoli 
Random muſt be at 45 deg. and if the Ran- 
ges above 45 arc truly proportioned, they 
will be much different from the Degrees un- 
der 45, eſpecially towards the 90 Degree, 
as you ſec I have found it for the Mortar- 
Piece, 


The 


pe mere ——  — _ - 


The Uſe of this Table will be Explajned 
, by theſe . two Propoſitions. | 


% 


Prop. 140. | FITOOR 


Suppoſe upon trial you find that your Mortar- 
my being mounted #0 65 deg. did ſend bey 
Granado 700 Tards, and you deſire to know 
bow far it will ſend it at 45 Degrees of 
Monunture, which is the greateft Random. | 


| Look in the Table = ſhall find againft 
6s deg. 550 yards, and. againſt 45 deg. 750 
yards: ' Work thus by theſe, Numbers, ac- 
cording to the Rule of Proportion 
As $5O: to 750: $0700, 0954+. 
hat 15, | 

Ar550, to750: (the Tabular diflances for 
' the ſaid Degrees:) © 

$1 700 the Diſtance found ,' To 954 3; the 

Diſtance required. 


Prop. 141+ | 
Finding that a Mortar-piece, being mounted 
69 Degrees, ſends a Granado 600 Tards, 
What Degree of Mounture muſt that Mortar 
have to ſend the Granado 909 Tardi ? 


Look in the Table, and againſt 69 deg. 


you (ha!! F141 490 yams thereupon you 
may 


— x 


may work thus by the Rule of Proportion, 


As 600, to. 490 ; So gOO, to 735. 
Look this Number in the Table, or the 
heateſi you can find to it, which is 737, nd 
this lands againſt 47 deg. which ſhews that 
the Mortar muſt be mounted about 47 dy, 
12.47 deg. *, thai ſoit may fend the Granady 
960 yards, according to your delife. 
I have here omitted the Degrees nnder 
45, becauſe I ſuppoſe them uſeleſs, for thele 
Mortar-pieces arc not uſed for Battery, a 
Cannons, to ſhoot againſt a Wall, but tv 
carry Granadocs and Fire-balls over a Wall; 
Now 45 deg. of Mounture being their ut- 
mok Kandom, if you would have them to 
carry ſhorter, it is more convenicnt to mount 
them higher than 45 deg. rather than lower; 
| for elſe they will not do their intended Ex- 
ecution, and fall ſo perpendicularly upon 
an Houle or Tower, But if you have any 
occalion, or dcefire to know the Randoms 
under 4.5 deg. yon may make uſe of the for- 
mer Tale of Uffano's, which I ſuppolc is 
. much nearer the truth for the Degrees under 
45, than for the Degrees above 45, as 1 
have demonſirated to you before. 
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Prop, 1 42- Dial 1. | ; 
To make a Dial won an. Equinoftial Plane. 
N EquinoRial 'Plane is that, which lies 
parallel to the EquinoQia), and-'is an 
Horizontal Plane under the Pole. This is the 


firſt and plaineſt kind of all Dials,and is made | 


yy drawing a Citcle as large as the Plane will 
well allow, and dividing {it into 24 equal 
parts or Hours, which yqu may ſubdivide into 
Halls and Quarters, and fet up aStile or Wyre 
lirealy upright"in the Center. Every Hour 
815 deg. the: half Haoyr 7 deg. 30 mip. 

' This Dial may. be made to ſet to any La- 
titude, and of good uſe to Seamen. 


Prop. I 43» Dial 2» © ; 
To moke'a Dial upon a Polar' Plane. 

A Polar Plane 1s. one that lies parallel to 
the-Pole, Fs is,an Horizontal Dial ynder 
ne Fquinogiah OO, 

ea TE 1 7h 


199 Of Dialing. 

The -way-to makethis, is to.draw.a. Met, 
diam Etnecrofs- thyrmdfi-of the Planer 
crols it at Right An ww the Line of af 
and Welt. Then according to the breadthe 
the-P)3 1 ..May - ,propoxtion yuy Stik 
whoſp Hk; t cpult be equal tp., he rd 
NI: butyou may find its Height alſo'by' 
other Hour-lng, agcorging to the Hours you 
would have it contain, by this Rule. 

Av the Tangent of the Homvz1ine1 4 or Fun cl 
To the: Pi Zane there f fro the Meri a;hi 
So the F-34740 | bl day 
To "Hep he Bee” Snmnt, vt 
Ben: for fr Re WoW: ns, oY 
As the Radju as, _ rx 
Ce, | Ce es 


or yy fn 
” [tr be: 41-84 wii ati 
14 Toa jrg 4 an ju 1 
The Stile rriay be vithis uy ſitalg © Bc 
Neddle ſet _upright,/'of a Wyre" Sat | 
parallel to the Prind” War the'Hodr of Xl 
according to tlie, Height, aforeſaid. 


[Prop 14ers Dial 133. 41,0 
Ty make a Dial pon a "Meridian Planes wh 
Yon (it an Buff Wet DidJast't | 


bw Mey Plane fttias upright dire ig 
_ the Meridian, and, hath two "Faces," one 


Of Dialling. 
ward the-Eaſt, the other toward the Weſt. 
To make Dial on this Blane, firſt: from the 
lower Corner on the North ſide of the Plane, 
according to,the Latitude of the Place draw a 
Lige which may lie parallel; to the EquinoGi- 
al; then towards the upper: Side of the Plane, 
on the South ſide, draw another line croſs the 
former at Right Angles, which may:potnt di- 


5 DB, => Þ- * 


muſt and for the Houx of VI, and muſt be 
' W the place of your Stile or Subftilez and baviog 
\ {© found a convenient: length :for the Height of 
1; jour Stile,, as in the. foregoing Propotition, 
I the Diſtance of the - Hqur-lines will 'be found 
it mnſwerable thereunto, and muſt. be: drawn 
. Ml parallel, to. the Hout, of _* as. before they 
were 0, the Hour of X1L. - +: 
4rthe Radius, 

Tothe Height of the Stiles. | 1 
Sethe, Tangent of any Hours Diſtance from'Sin 
Tothe DifAyer ore from tbe Sabfiides. | 


© *4 
+ + 


iS ' Prop. 1454  Dial./'5. 
''To make an Horizontal Dial.” 


This is one of the moſt common and beſt 
fort of Dials, eſpecially in our oblique Hc- 
milphere, which being well placed in an open 
Place, (hews all the Hours of the Day from 
dun-riling to Sun-ſet. 

N 2 To 


189. 


rely to, the Pole ot the World. - This Line” 


- _ 
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To make. it, firft draw a Line-cro[s the 
middle of the Plane 'fbx theMeridian' v7 Hour 
of XII; thei cyoſs this Line a little beyond 
the Center with the Line'of-F. and/W. which 
3s to be the Houyx of VI. [The interſetiondf 
theſe two Lines you muſt reckon for the Cen- 
ter of your Dial, and thereon defcribe an o«- 
colt Circle for the drawing your Honr-lines 
by, which you muſt proportion accordingto 
the Latitude of the Place." by this Rule, 

As the Radius, FJ" 
To the Sine of the Lutituds > DY 
$0 the Tangent of the Hour from Abou!" 4s 
To tbe Tangent 5f the Howr-line from the 

Meridiqn-line. 

The Stile muſt be FR jaſt overthe Met 
dian-line, and make an Anglefrom' the Plane, 
equal to the Height of the Pole. The Hows 
before VI in the Morning, and after VI in 
the Evening, may be ſupplied by their oppo- 


. ſite Hours on the other fide the Center. 


Becauſe theſe kind of Dials are of (o great 
uſe, I have taken this Table out of Loygomm: 
$414 wherein the Hour-lines are calculated 
for many Latitudeg. | 
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T6 Table ſhewihy Oe Piſlance of f the 


Hour-lines from the Meridian in 
theſe | Degrees. of: ; Lathude. _ 
\. the Hours rs from 2 the + Meridian, | 
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| _ To make a Dire South Dial. ©: 
 This'Djal muſt ſtand vprights having it 
Plane or Face' dircaly-oppolite 'to theiSauth 
The Making: thereof is in a manner: the ſame 
 wich'the Horizontal. The Meridian-line mug 
' be drawn perpendicular juſt in the midli ofthe 
Plane 3, the. Center, of the Dial  near;the'top 
' thexeof'3 the Height” of che Stile-muſt, bead 
Ao equal co the Complement of the! Pole; 
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At \he Rilims, To the Slue of the Helght'f 
the Stile above Plant * 

So the Tangent of the Hobur-line from tbe Me 
ridian of the Plane, To the Tangent f the 
Hour- line from tbe Subſtile. 


For Example hereof, Let us ſuppoſe the 
Dial Fig. 7. declining 4.5 deg- tothe Eaſt 
ward in the Latitude of Loudon, which is 
about 5 1 dig. 30 min. were to be made. 
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is | which 3s the Difference of Mevidiany + #934 44 

IN the Differante of *Trme which s betwinn vhe 
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Meridian of the- Plane or ' Diali © Vt 


2. | Now laſtly, To find the Diſtance of the 
3 Þ Hour-fines from the'Subſiile, which-is-the 


0 || Meridian of the Plane ;'we have found that 
þ || the Meridian of the Plane differs fromthe 


Meridian of the Place 51 deg. 57 withee ae 
cording to which you "muſt make- a Tible 
x || for the Diſtance of the other Hour-lines, by 
. | adding or ſubtracting 15 deg. for every 
5 Hour before and after 12 out of this Diffe- 
| | fence of Meridians, which here-15-5 1-deg. 
9 57 min. until you come to the Subſtile, and 
— | then you muſt add the Complement of 15 
"j 4g. on the other fide the Subſtile, for the 
' Þ Hour next following, and 15 deg. for every 
Hour after : So you fhall have the Diſtance 
of all the Hours from the Sabſtile 3 and then 
according 
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paring this Table = the Dial, ning $; 
together, | 
But note here, Though i have- Gan! 
ah Hour of 3 in' the Morning for the Exf 
Deccliner,, and the Hour of 9 in the. Evening 
for the Weft Decliner 3 yet theſe Limes mut 
not be drawn upon the Dials3 for the Sun js 
\not then above the Horizon in that Latitude, 
;and the Lines will fall above the Horizontil 
Line of thc Plane, either of which may ſerve 
to. dirct you what Hours to fet upon yout 
,Dial:_'but yet they are of uſe to draw the 
oppoli tc Hours of 3 in the afternoon: in the 
Eaſt Dccliner, and j9 in the morning; in the 
'Weſt Decliner, wh at ſome times; of the 
Year will be uſeful upon the faid Dials. 
Laſt of all, If the Face of your Dial be 
' to the Northwaid; you muſt 'turn rhe Dials 
' the bottoms upward, and reckon the Hows 
the contrary way ſo |the South Eaſt Decli- 
; Ner will be a North Eaft Decliner, and the 
South Weſt Decliner will be a North Welt 
; Declincr, leaying 2 ithe Hourlines (which 
' will be needlc(6) before the Sun-ſetting, and 
, Aftex.che Suq-riling. 
© There are rfiatly other ſorts. of! Frclining, 
Declining, . and Reclining Dials, ' which | 
2 omit, ben "nor" lo comrhon'and neceffary as 
theſe, Allo for. the Frawing rhe” Arimurhs, 
Almicanters, ;gns of the Zodidck, the =. 
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derftanding thereof, by Mr. Gxnuter, Mr. telly, | 


Mr, Foſter and many others. | 

As for Inſtrumental Dials, as Quadrants, | 
Riggs, Cylinders, which depend-upon. the. 
Suns Height, IT have added the two following 
Tables of . Mr. Gunters, whereby. his Qua- | 
drant and all ſuch Tnſtrumepts may be made 
for the finding of the- Hour and” Azimuth 
inthe Latitude of Loydox 3 whereby alſo you, 
may take the Declination of any Wall of 
Plane, and ſo make a Dial upon it. - + | 
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Hours,” and the Hours-from- Sun-rife or {ct,-. 
for cheſe you muſt conſute Targer Treatifes: | 
which are very well explained and applicd, | 
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 017-940842 '9.999983| [7 
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117-95 5082|9.9999B2} [7.955100|12-044900[29 
j $417-968870{9-999981| [7.968389|12-031111]28 
"I 317-98 2233[9-999980| [7.982253 [12-0177 4727 
1 [2417-995 198 9.999978] [7.995215|12.004781126 
159M [;5 8.007787] 3-999978) |8.007810!11.992191125 
F4 1618.020021|9.999976{ 18,020044 11,979956 24 
TY þ1ld-031919[9-999975| [8.031945|11.968055[23] 
"NY 1;3[8.043501[9-999973\ [8.043527|11.956473|22 
[19/8.054781]9.999972| [8.054509[11,945181]21 
6138,065776 9.999971] | 8.065806 114934194 _ 
x 118.076500|9.999969j 18 076531 11.92.3469] 19 
, 218,08 6965|9.999968| [8.036997|11.913003[18 
TY 11313.099 18 3 9.999966]  [$.097217]11.902783]17 
4 8.107167|9-999964| J3.107203|11.892797 16 
4) $18.11692619.999963] 1$.116963 11883037115 | 
"Yl (4618.12647 1]9.999961} (8.126510]11, 873490| 14 
"MY (618.1358 20[9.999959| [8.135851111.864149] 13] 
a 48 8 1449953|9-999958] 1|$.144996|11.855004|12 
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0Y [5018.16268 x [194999954 8.162737|11.837273:10] 
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 o18.241855;9.999934| (8.241921 [11.758079i6 


118.249033 9-999932| 8.249102 11-7 50898|5 
218.256094|9.999929| [8.256165|11-743835]5 
318.263042 9999927} 8.263115 11.736885|57 
4\3.269981|9:999925] |$.269956|[117 3004456 
_ $18.276614[9.999922 8.276691 11:723309155 
618.283243]9.999920] 1j$-283323|11.716677 
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10|8.308794|9.999910|, 18.308884|11.691116]|5c 
11[8.314954|9-999907| |$.315046|11-684954 
1218.32102719-999905| |$-321122 11.678878|48 
1218.327016|9.999902| |[$.327114|11 673886|47 
14\$.332924(9-999899| [8-333025[11.666975]4 
WELIGE Chet 9.999897] [8.338856[11.661144145 
1618.344504|9-999894| |$.344610|11-655390[44 
117|8.3501$0j9-999891| [8.350289] 11.649711]43 
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519:24323719-9932401- 19-249998 (10-7 5000255 
6]9-243947|9-993117]. [9-250730110.749270[54 
7 g-244656|9-993195] [9-251461110+743 53915; 
3$][9-245363[9.993172| |9-252191110.74780951 
919.246c70|9.993149] 9-252920110-7470b0|51 
Lo 9-246775 9.993127 9.253646 109746352 ſo 
1119. 247478 0.693104] |9-254374|10+745626]49 
12[9-2431811]9.993011Þ [9-255200[194744900148 
(I3|9.24988319.992059 9.255824[104744176|47 
1419.24958319.993036] [9-256547[19.743453|46 
1519.25028219.993013] 19.257 269[10.74273114 
1619-250980[9.992990] |9-257990] 10.742010144 
77 9-251677|9.992967| [9.258710|10.741290[43 
18]9-252373|9.992944| [9259429] 1074957114: 
[1.9:9.25306719.992921] [9-260146|1c07398 54/41 
12019.25376+19.992898| 19.260863110.739137140 
\ 12119-25445319-9928754 (9-261578;10.738422 Fl 
23219-255144 7.392894] [9-262292]10+7 37708138 


999927 59] 
+ [9-265847 


9.9927.36 


9.992713] 
9.992 690| 
9» 992666 ' 


19.265138| 


9.266555 
9.267261 


9.267967 


I Os [047 34862 
10.7 34153 


10.733445]3? 


199732739 
$0.7 32033 


Degree 79- 


———O_ 


2 


SD ———_ 


Degree 10. MED 
Mi Sin 1 Sine _| Co-fine } [Tangent, Co-tang. | 
10] 9.2 1019.26063 319. 319-992666| [9.267967 10 .732033130 
1645 aun, 
11[9.261314}9.992643 $addGratae, -731329|29 
1:19.261994\9.992619] [9.269375|10.730625|28 
33[9.262673[9.992596| [9-270877|10,729923[27 
1419.26335119.992572| [9-270778[10,729231þ26 
$19.264027|9.992549] [9.271479[10.728521{2 
z6 9.26470} 9.992525 9. 272178, 107378232 : 
. 9.265378|9.992501] |9.272376|10,7 272242 
$19.266051]9 992478] 19-273573[10,726427|2 
1919.266723[9.992454| |9-274269|10.725731|[21 
40[9.267395 9.992430! | 9:27 4994110. nora: ſu 
41 9.268065[9.992406 9.275658) 10,724342|19 
4219.268734[9.992382| [9.276351[10.723649 18 
43[9.269402 9.992362 9.277043]10.722957|.17 
ls 9.270069|9.992335] [9-277734110.722267|16 
45.9-270735 5992311] [9.278424/10.722576| 721576] ns 
4619.271400]9.992287] [9.279113!10.,720887| 14 
4119.272063[9.992263} [9.279801|10.,720199[13 
68,9.27272619.992239]} [9.280488|10.,719512|12 
4919.273388]9.992214| [9.231174|10,718826]| 11 
$0/9.274049 9.992190} [9.2318 58'10.718142}10 
$1]9.274708[9.992166| |9.282545}10.717458. 
(219.27 5367|9.992142| [9:283225[10,716775, 
$319.276025|9.992118| [9:283907|10.716093] 7 
$4|9.276681[9.,992093 9.284588[10.,715412| 6 
$519-277337 19. 9920691 _ 19428 5268[10,7147321 5] 
$619.277991[9.992045| |9:285946| 10.714053| 4 
$719.278685[9.992020| |9.286624|10.713376| 3 
($19.279297[9.991996| |9.287301|10.712699]| 2 
#919.279943[9.991971] [9.287977|10.712023| 2 
bo19.28059919.991947) 19. 288652|10.711348| & 
| | Co-ſi | Cosfine e | Sine | \Co-tang. | Tangent |M 'M 
b Degpee 79. Tr 


C 4 


Di IIs. 


M| Sine | Co-fne | [Tangent] Co-tanp, 
| 0j9.280599[9. 991947 |_|9.28 288652 |10:71134816, 
of) 9.28 1229]9.991922 9. 9.289326 Io, 710674150 
2|9.28 1897|9:991897] [9.289999] 10.710001 
3|9-232544|[9.991873] [9.290671110.709329 
4|9.283190[9.991348] [9.291342|10.708658 
_$19-2838361[9.991823] [9.292013[10.707987155| 
.6|9.28448019.991799} [9.29268 2| 10,707318|5, 
719.2$5124j9.991774| [9.293350[10.706650|5; 
$19.285766[9.991749]} |9.294017|[10.705983|5; 
919.286408[9.991724| [9:294684|10.705316|51 
1019.287048(9.9916991 19.295 349110.704651]50 
T1 9.287688|9 991674] \9.296013 10,703987149 
1219.288 326 9.991649] [9.296677|10.703323|48 
9.288964|9.991624| |9.297339[10.70266114 
14|9.2$9600|9.991599] |9.298001{1q 70199946 
[x 5[9.29023619.991574| [9.298662[10.701338]4 
16]9.299870|9.991549| |9.299322|10.700678]|44 
1719.291504[9.991524| |9: 299980|10.700020 43 
9.292137|9.991498] [9.302638] 10,699362]4z 
19]9.29276819.991473] [9.301295] 10:698705|4 
2019-293 39919-993448] 19.301951110. 698049140 
9.294929|9.991422| |9.302607|10, 997393 ; 
9.294658[9.991397] [9.303261110,6967 39/38 
9.2952$6]9.991372] |9.303914|10.696086]z7 
9.295913[9.991346] 19.304567[10.695433[36 
2519.29653919.991321 9. 305218|10, 694783135 35 
26|9,297164 MAnnags 9.305867110,694131134 
2719 29778819.99127 4 306419110,693481133 
2.8 9. 298412 Gs 9.307168[10.692832132 
29[9.299034\9.991218| [9 307816[10,692184131 
30[9-29965 5199911931 1g.308463110,691537130 
| Co-(ne | Sine | 


|Co-tang. \Tangent |M 
BY 4 es, he. 
Degree 78. | 


— 


-” 
: 


= Degree 11. = 
M, Sine | Co-ſine | |Tangent Co-tang, 
HERE" Brenan - — 
30/9-29965519-991193| |9-308463 10.691 537, 

$119.300276]9-991167] [9-309109|10-690891 
22/9.300895|[9-991141| [9-309754 Ll0-690246 
$319-391514[9-991115] 19-310399 10,6896a1 
14[9-302132[9-991090| [9.311042|10.688g958 
3519-3927 4919-991064| [19.311685]10.6883 15 


16]9303364 i Hoe 


3719-303979|9-991012| [9.312968] 1r0.687032 
3$19.304593|9-990986| [9.313608 10.686392 
39]9.305207[9-990960| [9.31424710.68575 3] 
4019.3058 1919.990934] [9.314885|10.685115 
4119.306430[9.990908| |9.315523[10.684477 
4219.30704119-990882| [9.316159[lo0,683841 
4319307650[9-990855| [9.316795|10,683205 
4419-308259|9-990829] [9.317430|10,682570 
4519.30386719.990S03] ;9.318064110.681936 


j 9:309474194990777 = 10681303 


4719-319080[9.990750| [9.319330[10.680670 
4619-310685[9.990724 
4919-311289[9.990697 
ſ0!9.3 1189919990671 
(1]19.312495|9-990645 
$219.313097[9.990618 
(319.31 3698[9-990591 


9.319961|10.680039 
9.320592 [10.679408 
9.321222|10.678798 
9.3218511j10.678149 


9.322479|10-677521 
9.323106|10.676894 


_ 2. ER cn it... oc A. 2. Proc ite”. 


$4[9.314297 9990501) 94323733110.676267 
$519.314897[9-990538| 19.3243 58| 10.67 5642 


(619-315495|9-990512| [9-324983|10.675017 
$7]9-316092|9-990485| [9-325607110.674393 
$$19-316689|9.990458| [9.326231]10.673769 
$919-317 284[9.990431| |9-326853|10.673147 
9019-3}787919-990404l 19.327475110-672525 

| Co-ſine | Sine | | Co-tang. | Tangent| 


Degrce 78 


> 
"XY 


ELITE | —— 
M| Sine | Co-fine | [Tangent] Co-tany, | 
_0i9-317879]9-990404| |9-32747 5110.67 2535]6e 


| 9-318473|9-9 9-990377| [9.328095] 104671904159 

2 94.99035x| 9-328715]10.6712 285158 
XK 9.2 1965$ $-9903340 . 9.329334|10-670666|57 

4Þ9-320250[9-990297] [932995 3[10.670047|56 

F}9.220% 4ofg9. 990370 9.320570 10.669430l5 

6|9.321430{9.y90242| [9.331187 10.6688 13157 (4 

Hb-3320 I9}Q-C9O215 9:331903 I0.668197 53 

819.32260719.990188| [9.332418|10.667582|52 

919-323194| 9.990161 | [9:333033[10- 666967]51 
1019-323780[9.990134} 19-33 3646} 10.666354150 
1119.324366[9.990107] |9-334259| 10-6657 41/49 49 
1219.324950|9.990079| [9+33487110-665129/4 
pI UL 9+335482|104664518]47 
| 1419-3261 17|[9-990025] [9+336093| 10663907146 
1519.3266599]9.9899971 [9-336703|10.063 298/45 
16194327281 9.9 989970| |94337311|10,662689 - 
1719-327862[9.989942| |9-337919|10.662081|43 
1819-328441[9-9899i5| [9-338527|10-661473|42 
19|9.229020|g9-989887] [9.339133|10.660867|41 
,20,9.329599|9.989860| [9.339739|10.660261140 
2119-330176|9.989832| |9-340344|30.659656/39 
2219-330753[9-989$04| [9-340948]10.659052[36 
2319-331328[9.989777] [9434155210653 44837 
24(9-331903 [9.989749] [9:342155[10.657845136 
2519-3 32478]9-989721} 19-3427 $7]10-657243 ny 
26 3-3330 539 -989693] [9.343358|10.656642134 
2719.233624[9-939665| [9.243958[10656042[33 
$319.234195[9-939637] |[9-344558[10-655442|32 
2949-3347 65[9.989609] [9.3453 57[10- 654843131 
291 335337[9-9855811 19.345755[10.654245'39; 


a Co-fine | Sine | |Co-zang. | Tangent |M! 
Degree. 77. 


Degree T2. 


ſl Sine | ( | Co-fine | [Tangent —_ [Y 


(9 


19+4345755}10.654245[30 


09335337|9-929581] 


9 ſp-335995[9.989553Þ [9. 346353110.653647]29 
5 W1:19-335475[9-989525} [9:34694910-653051]28 
11 1319-337043 [9.989597] [9:347545110.652455|27 
1 14/9-337610[9.999469] [9.348141[10.651859|26 
| M19 33527 519.98 94411 19.348735110,651265[25 
4 Mi6(9-33874219.989413| [9.349329] 10.65067 1124 
| Wi 37[9-339306[9.989384| [9.349922[10.650078|1 5 
3919-3393 70[9.989356| [9.350514|[10.649486[22 
" $39[9-34943419 999328] [9.351106[10.648894[21 
| Yi 4219-34099619.989299] 19.351697[10.648303[20 
9 119.341 558|9 989271] [9.352287[10.647713]19 
 W 4:[9.342119]9.989243| [9.352876] 10, 647124118 
| Y(419-342679[9.989214] [9.353465[10.646535|17 
 Y 4419-343239[9.989126} |9,354053|10.645947|16 
| $ 19.34379719.9891571 [9.354640 10.645360 [15 
( #19. 9.989128] |9.355227]10. 644773114 
$19-344912 9.98910o0k [9.355812[10.644187 l3 
\ $[9-345469[9-989071} [9.356398[10.6436021 
| $ /#9[9-345024[9.989042j [9.356982[10.643018|11 
919.34657919.989014 9.357566[10 642434110 
| (119347 134]9. .988985|. |9.358149[10.641851 9 
| 219.347687[9.988956] [9.3587 31[10.641269| 8 
319-343240[9.988927| [9:359313[10.640687| 7 
( Y 419-3437 92[9.988898| [9;359893]1c,640107] 6 
| $#19-3493 4319.98 836g] [9.360474] 10.629526 5 
{19.349893! '9. 988840 9301053Lo.638947] 4 
| (719.350442 [9.988811 9.361632[10,633368j 3' 
b 9.350992 |[9,988782 96262210}10.637790 2| 
$ 919-351 54019,988754| [9.362787 11c.637213] 1} 
6019.352088 9, 988724! 9-3633%4|10, 636636! © 
ul Co-fime \ | Sine "Þ (Co-tang, iT agent M 


De PICC 77, 


A'S, Pw... _ Ao HEAT El" Ie. ST 44. cu,.,—D4.45 


FESENES FLIDS 2o<eaf — 


4 


_ —_ _ = —_— EF - = 
© 
_ ” Cw - PR_ _ _ y 
Re rn ID 
— 
” ne” wg s _ 
_ 
= Ay mw om <= - SY _ _ —_ _ 
_ __ _ _ 


, - g > <1 T 
_— ITS ——— 


PA—_— — _— "= IT 


- _ = > 
4 =, < "Pa . - 
_ Cee es ont EI AIR. er AA nears 


cg —_— 


- PR 
- = —_ 
- _ - z - 


Dezree I 3. 


| Sine | Co-ſine | [Tangent] i] Co-rang ] 
0,9.352088 '9.988724| 19363364110, 63663616 


Degree 9s. 


 119.252635[9.98869 9. 303940 10.636060|5 
219.353 181[9.988666] [9.364515]10.635485 ? 
319.3537 26]9.988636| j9.365090]10,634910|5;] Mp3 
413.354271[9.988607] [9.365664|10.634336|56| Mis 
 519.354185]9.988578[_ [9.366237] 10.633763]55 hs! 
1 619.35535319.988548 9.366510|10, 10.633190154 54 I 
719.355901[9.988519] [9.367382[10,632618|53] M7 
819.356443[9.983489 4 307953 $0.632047]5; 
919.356984(9.988460| |[9.368524[10.631476|51 
1019.357524]9.938430] 19.269094|10.530906]50 WW! 
'F 9. 2.258064 9.988401] |9.359663 10.6303 37|49 I 
1219.358603[9.9882371] [9.370232]10,629768| 2 
1319.359i41|9 988341] [9.370799Þ10. 629201 43 
14|9.359679|9.988312| [9.371367[10,6286z33 4 
1519.350215 9.988292 [9.371933] 10. 628067 ſl 
16|9.260752}9.988252| |9.372499 10.627501 6 
1719.361287|9.988223]| [9.373064|10.626936 7 
1819.361822|9.988193] 19.373629[10.626371 
1919.362356 598816; 9.374193|10.625807 
2019. 19.362889]9.s 988123] 9.274756110,625244 | 
21]19.363422|9.988 103] [9 375319j10,624681 
2219.363954|9.988073] [9.375$81110.624119 '2 
2319.364485|9.9838043] |9.376442|10.623558 ſ3 
24|9.365016|9.988013f} [9.377003 10.622997 {4 
2519.36554619.937983] 19.377 5$63110.622437 5 
26]9.366075|9.9879<3| [9.378122|10,621878 56 
27|[9.366604|9.987 922| |y.3786$1|10,621319 7 
2819.367132|9.987892] [9.379239|10.620761131] WU Þf 
2519.367655j9.987862| |9.379797|10.620203 
3019.365818519.997832 9.390354|10.6196461: 
| Co-Fne | Sine | !Co-tang. | Tangent! 


_ — — —__ _—_— 4 Ss.» 4 —_ WTR _—_— 5 Ih 


444i 


Degree 13. 


Mi Sine | | Co-fine | [Tangent] Co-tang, | | 


019368195] 9-987832| 19.3803 54[10.619645, 30 


£119.368711 9.987801} [9.380910 10.619090]29 
1(9.369236[9.987771] [9.381466 10.618534]28) 
22[9.36976119.987740| |9 382021 10.617 980p27; 
124 9.370285 9.9877 I'O 9.382575 10,617425f26 
Wi;519-370308 9.987679 9 3383129 don ot 
1619.371330[9.987649] |9.383682|10,616318|24| 
3119-371852[9.987618| [9.384234[10,615766|23 
1$19.37237319-937 588] [9.384786|10.615214 22 
199-37 2894[9.987 557] 19.38 5337110.614663|21 
(019.37341419-987 526 9.38 5888 10.614115j20 
119.373933|9-987496| [9.386438[10.613562|19 
119-374452|9.987465] |9.386987}10.613013 [38 
419-374970[9.997434| [9.387 536110.612464|17 
419-37 5487|9-987403]| [9.388084|10.611916þ16 
(19.376003 [9.987372 9.388631 I0,61 1369}15! 
(6.376519 9.987341] |9.389178|1c.610822 b 
119-377035 9.987310 9.339724 lo.6ie276 13 
48 9.377549] 9.987279] [9-390270[10.609730{[12 
4919-378063|9.987248| [9.390815[10.609185jir 

$019.37857719.987217] [9.391 360|10.608640j10| 
19379089[9.987186| |9.391907|10.603097] 5g 
(119.379601]9.987155] [9.392467 l0.607553 of 
(3194330113]9.987124| 19.392989|10.60701r} 7 
(4194380624|9.987092| [9.393531[10.606469] 6 
$519h381134 9.9870611 19.394974 10.609927] 5 
$6.9.381643|9.987030þ [9.394614|10.605386| 4 
719-3821 52|9.986998] [9.395154[10,604846| 3 
#$19.382661|9.986967| [9.395694|10,604306| 2 
$919.383168|9.986936| [9.396233[10,603765| 1 
bolg.383675/9.986994| [9.396771110.603229| © 
| Co-fine | Sine | |Co-tang. | Tangent |V, 

Degree 76. 


RY EIT 


gs a—_—_ go — - - 
—_ _ prong __ - 
_—__— OC —_ - m—_— pc _ o——_—_— 
Per ——— =_ 


———— 


ee ogg” 


— 
wand 


W>_ 
_—__— Wee 


ma —_ ws - 
Z - DOS my 
—_— ————— — oy — Ko © 
n= - —_—_ --»— -——» 0 A _ q 
. _ : - y N - 2 _— _ 
Ar 2 cre ERED" Eon ATEIE AI APES» PICs IRE > COS - — 
—_— ——___—_———— —— 
- hnmaye croee,. <a>. och vx 
—— 
- 
0, PT bs » 
— ena ©, = a 


CCC —_—_ — —— 
_ TT ad CE 9 2-uT 2 " 
= om 
" 
— yy . 
- - _—_ 
_ - 


- 
Rt 


_—— 


— —— —— 


— re Do OR 
— - —_— 
-— <—_ _ 


— 


LS 


Degree 14. 


— 


M 


__ o_ 


Sine | Co-fine | [Tangent Co-tay, I 


0]9.38367319.936904, 


(9439677 711% 10+6032 50322916 


oO OW nia 4 - 


IO 


9.384181 
9.334687 
9.385192 
9.385697 
3.286201 


9.98687 3 


9.986841 
9.986809 
9.986778 


9.9867 46] 


9.397309 
9.397346 
9.398383 
9.398919 


3.399455! 


TA 0.602698 
10.6021 $4 
19,601617 
10,601081 
[0.600545 


9.386704 
9.387207 
9.357709 
9.388210 


9.388711 


9.98668 3 
9.986651! 
9.936619, 
9.986587 


9.986514 


9.399990 
9.400524 
9.4QI1058 
9.401591 
9.402124 


nnd mor... 


L0.600010 
10.599476 
0.59894: 
10, 598409 
I0.597876 


11 


I2 
13 
I4 


9.389211 
9.339711 
9.390210 
9.390708 
9.391206 


9.986555 
9.986523 
9.956491 
9.986459 
9.986427 


9.402656 
9.403187 
9.403718 
3.494249 
3.404775 


I0959734, 


I0,5968 13|4 


10,596282 


I0.595751 
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[9.64952719.951791| |9.697738| 10, 394264] 30] 
$119.649781]9.951728| 19.698052110.301947]2 
$419.650034[9-951665]| | [9,.698369]10.301631[28 
219.650287[9-951602| |9.698685]10,3013415]27 
lg-65o519]9-951539] [9.699001]10.300999]3 
519.6507 98. 9951476) 9.699316 t0,300684|25 
1619.6510441]9.95 1412] [9.699632{10. 300368|2 
$119-6512.96 9.951349] q .699947]10.300052[23 
j $19.65 1648|9.951286 $709302 10299737122 
1919-65 1B00[9.951222] [|9.700578|[10-299422[21 
19.652052|9-951159 -]9-300893/10 10.299 LO7 120 
| 19.652303[9.951095] 9.701208 IO, 0.298792 I 
19-652555]9-951032|, |9-701522|10-298477]11 
$19.652806]9.950968] |g9«701837]10. 298163117 
9.65305719.950905]! [9703152 10-297848] 1 
1g.653307 9.950841 9702466110, 
9653558 9.950777] [9.702780] 10.29721 
4 653808|9.950714|| [9.703095] 100296905113 
9.654059 9.950650]! | 
965430919. 950586 9.703722 104296273 
hol9.654558 950522} j9-704036|L00295 


119:654808]9.950458] | Fog 10299650), 
4 


[]9-55$03719.950394] | [p,704663110- 295337]; 

704976|10.299023. 
(\#19.655556|9.950266]! |p.705290|[10.294710] 
5 9.65 5805 9.950202 d-705603 0.294397] 


$3]9-950138 9.795915 10.294084|. 

219-9 50074] 9.706228 100293774 |. 3 
019.9 50009]; 9.706541 10.293459þ: 
| 9.949945] [9.706853|10.293146}- 

oO 019.6563 47] 9.94988 1|- 9.707 166 10.292834} 

[ 14 | Co-fine | | Sine. e...Þ |Co-tang. | Tangent [M} 
Degree 63.- x ——————_——_—_— 


E 4 


[319-6 $5307 ls | 


| 
4 


" Degree27. © 


M| Sine | Co-ſine | |Tangent| Co-zang, | 


219657542 
3]19-657790 
4|9.658037 
5$19,658284 


I 9.657295 


019:85704719:949880] [9.707166|10.29:$34 


9.949816 


9.949598 


9.9497 52] 
9.949687] | 
9.949623] 


9-707478| 


9:707790 
9.708102 
9.708414 
9.708726, 


IO0e29252316 
10.29221015 
I0,2918g7] 
10,291 586]5 
10.29127415 


9.658531 
9.658777 
9.659024 
_919:659271 
1oj9.659517 


9.949494 
9.949364 


9.949235 


9-949429]. 


d | 


9.949300] | 
| [9.710282 


9.709037) 
10.290651 


9.799349 
9.709660 


9.709971 


10290962 


19.299340 
10.290029 
10,289718 


pe 6220os 
3219-000009 
13 © 8654 55 
14]9.660500 
1519;6607 46 


9.949170 


9.949105]. 
9.949640] 


9.948976] 
9.948910]; 


[9.710593 


9.710904, 
9.7 11214 
9,711525 


9.711836 


10, 289407 
10,28909614 
10.2388785 
10.288475 
10:233164|4 


16/9.660991 
[17]9.661236 
\ [18]9.661481 

191966726 
20 9:661970 


9 948: by 
9 9497 © 
9.948715 
9.943650 
9.948584 


% 


{ 


s 
, 


9.712146 
9.712456 
9.712766 
9.713076 
9.713386) 


10,2878 54144 
10.287 544|4 
10,2872.3414 
10.286924 
10,236614|4 


2119602214 
2219:662459 
23]9:662702 
24|9:662947 
2519.663190 


9.948323 


9.943519] 
9.943453]! 
9.948388], 


9-948257] 


{9.713695 


9.714005 
9-714314 
9.714624 


10.286305| 

10,285995138 
10.23 5686{3 
10.285376136 


9.714933. 


2819.66 


(27]9.863677[9.949126] | 

3920[9.943060} 
2 919.66416319.947995 
3019.66440616.947919 


26\9.663433[9.948191]-- 


| 


9.715241 
9.715550 
p71 5049 
9.71 168; 


9.716477] 


10.28 5067135 
10,2847 58]; 

10.2384449133 
10,284 140133 
10,28 3832131 
10.,283523130] 


| Co-ſine | Sine | |Co-rang. | Tangent |V 


eee 
q 


Degree 62. - 


_— 


— 
— Ii 


o b a 
be & _ - - 


"Degree 27. 


Sine '| Co-fme | jTangent]| Co-tang. | 


019.664406|4:947929| |9.716477}10-283523|30 


h119.66464819.947863] 


9 66489119.947797 
[9.665133[9.947731 
19-565375 9.947665 
9.66561719.947 599 


9.717093 
9.717401 
9.717709 
9.718017 


þ pred 
| 


— 


lo.2$3215 
10.282907 
10.282598 
10.282290 
l0.281983 


h619.6658 5819.947533 
2919.6661900 9-947467 
1819.66634119.947401 


9.666583[19.947335| 


140 9.66682 4 9.947 269 


bh ——_———— 


9.667 54619.947070 


k19.66826619.94687 1 
17 9.66850619,946804 


14819.668746[9.946738 


g9.66898619.946671 
ſ0]9.669225|9.946604 


9.66778619.947 004. 
9.668026[9.946937] 


| 


9.66706519.947203| 
9.66730519.947136| 


9.718325 
9.718633 
9 718940 
9.719248 
9.719555 


l0.281675 
10.281367 
10.281060 
10.2807.52 
10.280445 


9.7 19862] 
9.720169 
9.720476 
Pong 


'M 9.721089 


10.280138 
10,279831 
10.279524 
[0.279217 
l0.278911 


9.721395 
9.721702 
9.722008 
9.722315 


9.722621 


10,278604 
10.278 298 
10.277991 
t0.277685 


$119.669464|9.946537 
$119.6569703[9.946471 


(53]9-669942[9.946404 


$419.67018109.946337 


1519.670419][9.946270| 


—_— 


9.722927 
0,723332 
9.723538 
9.723843 
9 724149 


10,277073 
10.27.6768 


10.276462 
10,276156 


10,275851] 


10.277379 


$6 9.670657 9.946203 


ſ$19.671134|9.946069 
919.671372([9.946002 


(719.67089619,946136|' 


9.67160919-9459351_19.725674 


9.724454 
9.724759 
9.725065 
9.725369 


10.27 5546 
10.27.5240 
10.274935 
10.274630 
10.27 4326 


|.Co-ſige | Sine |- [Co-tang. | Tangent 


O - » w + {a ow ocxsg 


Fu 


Degree 62. 


n= 


M| Sine | Co-ſine | DN 


| 09-6716: 6716091 9.9 45935] |9-725674410-274326| 


"119.6718. 671847 
219.672084 
9.672321 
9.672558 
9.672795 


|9:945868 
9.945800 
9.945733 
9.945666 
9.945598 


99725979 
9.726284 
9.726588 
9.726892 
0.727197: 


10+274021]5 
10-2738 1615 
10,273412159 
I0.27 310915 
10.272803)5 


9-C7 3032 
9.673268 
9.673505 
9.673741 


9 
9673977 


LO 


9.945531 
9.945463 
9.945396 
9.9453 28 
9-945261 


oc 2750L 


9.728412 
9.728716 


10-27 2499154, 
ro-272195\5 


102715875 
I0927128 415 


I1}9.674212 
I2]19.674448 
t 319-67 4684 
14\9-674919 
15(9-.675154 


9:945193 
9-945125 
9.9450 58 
9944990 
9:9 44922 


9.7 29020 
94729323 
+729626 
*729929 
De7 20232 


I0:270980149 
10.27067914 
10.270374 
I 0.27 0O7JOj4 
Io.269767 4 


17|9-675623 
1 9]9.676094 
2019-6763 28 


9.944854 
9.944786 
9.9447 18 
9.944650 
9.944582 


9.730535 
g-730838 
9.731141 
90731443 


x0-269464|44 

20,269162143 
10.2688 59141 
10:268 556141 


9.731746 


TYo.i68254| 


Zl 
22 
23 
24 
25 


g-676562 
9.676796 


9.677264 


9.677030 


94677497 


9.94451 
9.94443 


9-944 309 
9.944241 


9.732046 


140.267 95 Z 


1 [10.267649 ;s 


9.732955 
9-7 3325701 


10.267045]3 
10.2667 43135 


26 


27 
28 


ZOj 


97773 I 
91677 964 
9:678 I97 
9:67843 

9.678663 


94944172 
9.944104 
9 944916 
9-943 967 
9.943898 


9.734764 


9733558 
9e7 33860 
9.734162 
9:73 4463 


10.266441]3 
10,266140[33 
10.265838]3 
TO-265537[31 


110.26523613 


JE I IO AO 


Degree 61. 


[| Co-fine | Sine | |Co-tang, | Tangent | 


— 


Degree 28. 


—— 


ine" | Co-fine | |Tangent'Co-tang. |... 


D_ 943895] [9.734764] 10026523630] 


I pet 9.943830] 
67912849.943761 
679360[9.943693 
Ea 9.943624 
9s 


679824}9-943 5551 


4 


19» 735362 


9.735666, 


19.73 5663, 
9-7 35968 
[9.736269 


$0-264934129 
10-264633[28 
10-264332|27 
10-264031 26 


l0.263721 25 


9.73657 

WH 
b445he 
9.7 37471 


9972777 


10.263430}24 
T0»263130þ23 
10.262$29]22 
L0-262529/21 
10-262.2.29. 2O| 


9.681213) 0.943 141 
9.631 44319-943072 
68167419-943003 
81904[9.94293 3 
1968213 5]9-942864 


9.738071 I 
9-739 37 1 


. [947 3867.1 


9-7 338971 
9.739271 


[10.26072.9]15 


10-261929 9 
10.2616 .29 9 
10-26132.9 17 
10-26 ln29116 


$19.68 236519-942795/ 
<4-48444- 


119:682.595 
Wig-682835| 


9.739570 
$.739570 
19.740169 
94749468 
97.407 67 


[10+260430 14| . 
10.260130 t} 
ro-259831h12] 
10-25953% NY 
10259233 ro 


9-741365 
9-7 44.664 
9+741.g62 

7:4%2:01 


10-258934) - 
lo-2586g5} - 
10-2583 $6] -+ 
Lo.-258038) - 
10,.2577.39 


$819-942099 
9942029 


9e9þL 
dls 
94941819 


A 


9«742858 
94743156 
90743454 


96743751 


10-257 441 


| 1-Co-fing | Sine | 1Co-tang. | Tangent |? q 
Degree G7. 


Degree 6T. 


131 


Degree 29. 


Ml Sine TCo-fine | [Tangent] Coty W, 


119-68 5799|9-941749 


3|9-686254|9-941609 
4|9-686482[9-941539 


219-686027|9.941679], 


_0]9.685571]9.941819| 19-7437 52] r0-256248}| 


9.7 44050[10.2559gojs 
9-7 44348|10.255652)5f 
9.74464 5110.25535515M 
9.744943110,255057 


519.686709[9-941468 


9.745240 20-250008 


619.686593619.941398 
719-687163[9.941328 
$19.687389[9.9412.57| 
919.68761619.941187 
Lo{9-687842 19.941 116 


9.745538] 
9.745835 
9e-746132] 
96746429 
9:746726]10- 


9.688069]9.941046 
$.6882.95|9-94097 5 
9.688523[9.940905 


I2 
13 


114[9-688747|9-940334 


1519-688972 9-940763]- | 


9e7 47023 7 ; 
9.747 31910252680}. 
9.747616} 10-252384]v 
9.7 47912|10-2520871|4 

9.7 48209 $0-251791]4) 


117 
48 
19 


SQ! 


[16 9.689198 


9.689421 
ou 9648 
6.689873 


9.690098 


9.940693 


9-940622| 


9.940551 
9.940480 


9-748 5051 10,2 254495| 


9.749997 19-250902|44 
9:7 49393| 19250607141 
9.7 4968 916-2 50321)6 


jj 


2219.690548[9.940267 
2319. «oh 9.9401 96 
24|9-69099619.940125 


, 9.940409 
2119.69032319-940338 


10250015 * 
rae $913! 


2519.691220]9:940053]. 


427 


26]9.6914 4419-93 9982 


9.691668[9.939911 
2819.691892|9.93'g840 
2919.692115|9.939768 
019-692339]9.939697 


<a coagty | 


r0.248 53830 
10.2483243]33 
10.247949}3 
L1942:476 5313} 
10.2473 5913088 


9:7 51462 
9.7 51757 
9,7 534052 
97 $3347 
9.752642 


| þ Co-ſie | - Sine ./| | Co-tang | Tangent|M 


; 


_Degree 60. 


—_— 


| Degree 29. 


1 Sine | Co-ſme | | iTangent|Co-tang.| 


lg69:33919:939697| j9-752642|10.247358|30 


4 
OE 19-692 56 
$119.092 502 
$015 .119.69278 5 
$21: [693008 


9.693231 
(5l9.693453 


9:939625 
9.939554 
9.939482 
9-939410 
9939339 


947 52937 
9.753231 
9:753526 
9.7 53820 


9.7 $4115 


10.247063 29} 
10,246769|28 
10024647427 
10,246180[26 
Io. 245885 12.5 


(619.693 676 
$119-693898 
19.694120 
21919-5943 42 


9.939267 
9-939195 
9.939123 
9-939051 


019.694 564 


9.694786 
24-19-69 5007 
319695229 
9.695459 
gig.695671 


9.938908 
9.938835 
9.938763 
9.938691 
9.933619 


9.938980[ 


9.7 54409 
9.754703 
9.7 54997 
9.7 55291 


9.756172 
9.756465 
9.7 56759 
9.757052 


[9-7 55584 
9.755878 


10,245591124 
I00245297|23 
I0-245003[22 
10.244709|21 
10,244415 [20 
10e244122[19 
10-243828|18 
10.243535|17 
100243241116 
10.242948|15 


9.695892 
HF 
$19.696334 
019.696554 
019.696774 


9.938547 
9.938475 
9.933402 
9.938330 
9.938257 


9:757345 
9 757638 
9.757931 
9.7 58224 
9.758517 


10.242655}14 
100242362113 
I0.242069ſ13þ 
L0.241776|11 
10.241483 


_—_ 
lo 


1[9.696995 


4 
lit | 219.697215 


l | 319697435 
$15419-697654 


9.933185 
9.938112 
9.938040 
9.937967 
9.937895 


9.7 $8810 
9.759102 
9.759395 
9.7 59687 
9.759979 


10.241190 
10.240898 
10.240605 
10,240313 
I0,240021 


[5 [ 9.697874 


9.698093 
9.698313 
9.698532 
9.698751 


9.937822 
9.937749 
9.937676 
9,937693 


olg-698970 


9.937531 


9.760564 


9.760271 


9.760856 
9.761147 


9.761439 


10.239728 
10,239436 
10,239144 
10-238852 
10.238561 


= mM. vs Þ la ow co 


© 


Sine | |Co-tang. |Tangent |M| 


[ || Co-fne | 


| Degree 60. 


_—— 


Mt ——_— 


"Degree Zo. 


{MT Sine | Co-fine -| iTangen 


t| Co-tang, | 


_019-698970| 9.937 F731] | 9-761439|109238 56116, 


9.699189 
9.699407 
9.699626 
9.699344 


9.700082 


9.937458 
9.937385 
9.937312 
9.937238 
9.937165] 


9.761731 10.2381691x 
9.762023] 102379775 
x Is 10,237686| 
9.762606] 10,237394)56 
9.762897]10,23710z155 


 619.7002801 9.937092 


19.763188|10,236812]5, 


719-700498]9.937019| [9.763479[10c236521]53 
$19.700716|9.936945] [9.763770] 102362305; 
9]9-700933[9-936872} [9.764061110.235939 

10{9.701151;9.936799] 19.7643 52[10-23 5648|x, 


I1[9,701568 
9.701585 
9.7 01802 
9.702019 
9.702226 


I'2 
wn 
14 
I5 


9.936725 
9.936652 
9.936578 
9.936505] 
9.936431 


9.764643 
9.764933 
9.765224 
9.765514 


9.702452 
9.702669 
9.703885 
9.703101 
9.703317 


16] 
I7 


18 


(19 
420 


— —_— 


9.936357 
9.936284 
9.936210 
9.936136 
9.936062 


9.766385 
9.766675 
9.7 66965) 
9.767255 


9.703533 
94703749 
9.703964 
24|9-704179 
2519+704395 


27 
2.2 
23 


9.935988 
%935914| 
9.93 5840| 
9.935766] 


9.765805 
[9765095 


I 0.23 4490146 
10.23419514 
L09233 901/44 
10.2336 1514} 
(124233329 
10.23303J|41 
(10.23 2745\4 


10,235067 
10.2347 i 


9.767545 
9.767834 
9.768124 
9.768413 


10,232455130 
10,232 166]z{ 
10,2 31896137 
10,231581130 


9.935692 


| 19-768703 


I0.23535714 


10.221297|3f 


260|9,704610 
127|9,704825 
28[9.705040 
2919-705254 
20[9,705469 


9.935618 
9.935543 
9.935469 


9.935395 


9.935320l. 


9.768992)10,231008[34] 
9.769281110,230719/33 
9.769570|100230430[3W 
9.7 69859[10.230141 


9.770148110.2298 5213 


| || Co-ſine | Sine |} |Co-tang. |Tangent| 


- ww 
——_— 


RO 


_Degree 59 __ 


Mi Sine | Co-ſine| | Tangent| Co-tang, | | 
30[4-705469|9-935320|_|9-770148| 10.2298 52|30| 
3119.705683[9.935246| |9.770437]10-229563|29 
$2]9-70589719.935171]} [9-770726110,229274|28}* 
2319.706112[9.935097} [9.77 1015|10,228985 
24/9.706326[9.935022] [|9.771303|[10.228697 
3519-7065 3919-934948]- [9.77 1592110228408 


L— 


3619670675 3] 9.934873) [9.771880|10.228120 
[3119-70696719-934798] [9.772168[10,227832| 
$$19.70718019.934723] [9.772456[10,227 543 
9.70729319-934649] [9-772745|10,227255 
9.,70760619.934574] 19.773033110,226967 


9.707819]|%934499| (9:-773321|10,226679{1 
9.709032[9.934424| |9.773608[10,226391 
9.70824519.934349| [9:773996|10,226104 
9.70845719.934274| |[9-774184|10,225816 
9.708670[9.934199] [9.774471] 10,22552 


9.70888219.934123] [9.774759 10,325241 
119-709094|9-934048] [9.77 5046|10.224954 
9,709306]9.933972} [|9.775333|10,224666 
91%709518|9.933897] [9.77 5621|10.224379 
10179297 3099933322] 19.77 5908{10,224092 


$119.709941]94933747j ' [9-776195|10.223805 
| 08(9219-7 1015 3[9.933671| [9.776482[10.223518 
$3197 10364[9.933596| [9.776768|10,223232 
Ip 171057519+933520| [9.777055|10.222945 
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